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Abstract 
This thesis explores the impact on children of working as co-researchers, 
raising their own research questions around the topic of science education, 
designing and carrying out the data collection and interpreting and 
disseminating the results.  
 
This project is a case study in that there are clear boundaries both in terms of 
the timescale of initiation, interventions, co-researcher activity, write up and 
dissemination and also in terms of the children’s engagement in the project as 
distinct from their school and social life (Flyvbjerg 2011).  A multi-method 
approach to data collection was designed to capture the experience from the 
viewpoint of the co-researchers, with triangulation from other actors in the 
immediate social setting.  The use of a range of qualitative methods as primary 
data collection techniques is also characteristic of a case study approach. 
(Denzin and Lincoln 2011). 
 
The study employs grounded theory which Glaser and Strauss (Glaser and 
Strauss 2009) describe as ‘discovery of theory from data’  using comparative 
analysis as a key strategy.  I was influenced by Charmaz’s perspective that ‘we 
construct our grounded theories through our past and present involvements and 
interactions with people, perspectives, and research practices.'  (Charmaz 
2006).  The simultaneous analysis and data collection, the use of coding to 
develop themes from the data itself and the development of theory during 
analysis are hallmarks of the grounded theory approach, (Charmaz 2006). 
 
Working with children in research has undergone considerable evolution over 
recent years and a growing body of researchers are developing participatory 
models to ensure that this is conducted not only ethically but with respect for the 
children’s rights, interests and contribution.  Smit identifies 4 types of motives 
for doing so;  legal motives which recognise children’s rights to contribute to the 
decision making process; social motives which identify this as an important step 
towards them becoming democratic individuals; innovative motives that value 
their contribution to knowledge; and pedagogical motives that reflect adults’ 
desires to include and encourage children in this way (Smit 2013).    
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My research suggested the importance and influence of task value (supporting 
Osborne 2003) and significant others (supporting Sjaastad 2012) in engaging 
young people in their learning.  Within it the co-researcher group identified 
ownership, reflection, confidence and value as significant themes. The co-
researchers also reported enhanced ontological understanding, reflection 
on their own learning, confidence in expressing and arguing for their own 
ideas and development of key skills which they were able to apply to other 
areas of learning.  
 
There were also benefits to the school through the reports the young 
researchers produced which offered insights into effective revision, the potential 
influence of science clubs, the relationship between teachers and students 
interests and into differences in attitude to science between year 7 and 8 and 
between boys and girls. 
 
During the project a Participation Model was developed to define characteristics 
of participation and power sharing.  This added to previous models (Hart 1992; 
Wilcox 1994; Hanley et al. 2004) and took due notice of issues of power sharing 
(Bucknall 2012) and adult commitment (Shier 2001).  A model of co-researcher 
engagement was also developed during the analysis phase which provides a 
clearer idea of what it means to be a co-researcher from the co-researcher 
viewpoint. 
 
There are also implications for policy and practice that should not be 
underestimated.  Raising children’s aspirations to be part of a research group in 
this way has considerable benefits but it also has the potential for 
disillusionment should the outcome of their work not be recognised (McLaughlin 
2006).  To protect against this the school community needs to actively commit 
to working collaboratively with young people through conscious sharing of 
decision making (Bucknall 2012) and allocation of resource to protect its 
continuation (Kellett 2014).  Shier identifies this as reaching the obligation level 
of commitment in which working collaboratively is the expected norm in an 
educational setting (Shier 2001). 
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Chapter 1:  Introduction 
 
Throughout my career as a primary school teacher and science coordinator I 
have been interested in what makes a good science lesson, and in particular 
how to engage children and foster the innate curiosity and interest in the world 
around them that many of them show.  Children’s individual responses to 
science as a curriculum subject varies enormously, and this variation appears to 
depend on a wide variety of influences including their previous experiences, the 
topic area, the introduction strategy, the nature of the task and the enthusiasm 
of the teacher for the subject.  I had personally found that time spent 
encouraging discussion about the science seemed to be a key element for 
developing the children’s understanding and confidence in the task, and that the 
quality of this talk was of particular importance.  I was also interested in the 
relative importance of these environmental factors compared to innate ‘ability’ or 
‘interest’ and how they might be important in influencing how that ability or 
interest developed.   
The journey from being a class teacher with these initial ideas and interests to 
conducting the research for this thesis is complex and I will give an overview 
here to give an outline of how this developed.  Figure 1.1 offers a diagrammatic 
representation of the three elements; two pilot studies and the main study, their 
context and broad research question foci and how the development  of working 
with children as co-researchers evolved . 
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Figure 1:1 Overview of the Development of the Co-Researcher 
Project 
 
I started with a small initial Pilot Study into which I went to do some research on 
children to find out what made good school science by trying out different 
interventions and observing the impact on their learning.  In many ways I learnt 
much more through this study than the children and it certainly raised more 
questions than it answered.  This was not only because my naive approach 
produced inconclusive findings about the questions I thought I was investigating 
but also more importantly shed considerable light on how I felt about working 
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with children. In particular the process highlighted for me important questions 
about how research was conducted since the children involved offered valuable 
insights and a perceptive understanding of the research process particularly 
when allowed to engage with it.  During this first pilot study I started to respond 
to this, through enlisting their help in asking my questions for me (peer to peer 
interviewing) and through discussion the outcomes and interpretation of 
answers.  Towards the end of Pilot Study 1 I happened to be engaged in a 
taught module as part of the MPhil which required me to develop and test a 
quantitative instrument.  I chose to focus on an attitude scale and because the 
children I was already working with were so interested in the research process, I 
took in a range of instrumental approaches from the literature for us to pick 
apart.  I presented these adapted to explore attitude to school science and 
between us we tried them out, critiqued and adapted them and from them 
developed and tested one instrument.  This instrument was then used in Pilot 
Study 2. 
During this first Pilot Study I had also uncovered a further question in my mind 
about the dip in attitude to school science in early secondary school that is well 
documented in the literature (Braund and Driver 2002; Galton 2002; Hargreaves 
and Galton 2002; Braund and Driver 2005; Pell et al. 2007).  I identified a local 
secondary school with whom I had professional links through my work in initial 
teacher education.  The headteacher was also interested in mapping the 
change in attitude to school science over transfer from feeder primary schools 
and with his support  (and further links through initial teacher education) I 
enlisted the support of a total of 4 schools (3 primary and one secondary) to 
conduct Pilot Study 2; a longitudinal study of attitude change over transition in 
which I measured the attitude of the same cohort of students prior to and after 
transition to secondary school.  During this, primarily quantitative, study I 
reached a point when I wanted to sense check early findings through a 
feedback assembly with the year groups from whom the data had been 
collected.  The quality of the feedback from this assembly reignited my interest 
in and enthusiasm for working with children in research.  This was the key 
moment at which the main study was conceived and started: I took a sample of 
this feedback to the headteacher to ask his permission to invite indications of 
interest in joining a co-researcher project into science learning in their school.  
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Developing ideas through discussion is a key element highlighted in the 
Cognitive Acceleration through Science Education (CASE) Study, indeed 
Shayer (Shayer 1999) goes further to claim that working with others and 
adopting strategies and understandings experienced collaboratively is 
fundamental to a child’s cognitive development: 
‘only a small proportion of a child's cognitive development is self-
constructed.  By far the greater proportion is done by internalizing a 
successful performance seen in another person in their social 
environment and/or by working collaboratively with their peers in the 
construction of more powerful strategies.' (Shayer 1999 p897) 
 
Through well focused discussion in which ideas are challenged and thoughts 
are articulated and justified, the participants become aware of how they are 
thinking and what that might mean for their own thinking.  Adey and Shayer also 
claim that metacognition, or the development of '(t)hinking about one's own 
thinking turns out to be a feature of almost all successful programmes designed 
to enhance thinking.' (Adey and Shayer 1994 p44)  
 
My own observations and much of my reading reinforce the Vygotskian concept 
of the importance of social construction of meaning centered around the idea 
that “what a child does in cooperation with others he will learn to do alone”  
[Vygotsky, quoted in (Fisher 1990 p130)]. The key idea, that the social 
interaction between people is fundamental to how and what they learn, 
reinforces the imperative that to support good learning it is important to first 
understand personal responses to the subject of all those involved, and how 
these came to be developed.  Focused discussion is important in this process 
too, in articulating and justifying personal responses both to the subject and to 
experiences in it that influence attitude.  With this understanding it is then 
possible to explore how these can be influenced to enhance the learner’s 
attitude to the subject being learnt and to facilitate access to the concepts being 
explored.  In the first Pilot Study I set out to explore what the children involved 
thought good school science was and how they felt it should be provided or 
improved.  I hoped that by exploring beyond the teacher’s view of what makes 
good school science to find out how children viewed the process, I might unpick 
why some of them didn’t enjoy school science and identify how to improve their 
experience, and hence their attitude.  Specifically the first Pilot Study explored 
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what elements of the experience of school science the children felt were 
significant in making a good science lesson, influencing their attitude to school 
science in general, and contributing to their own assessment of their own 
success.  In the event, their involvement in the research study itself seemed to 
have the strongest effect  and I became increasingly interested in the impact of 
interpersonal relationships within the research project (see Chapter 2 Pilot 
Study 1).   This was highly relevant to me since it implied that one way to 
develop the success of my own science teaching might be to engender a 
research team approach.  The shift in power balance in the classroom implied 
here led me to consider the relationships both between teacher and pupils, and 
between researcher and participants, and this resonates with current 
developments in classroom practice (Ruddock and Flutter 2000; Leitch et al. 
2005), and particularly with research around children’s voice which became a 
theme throughout the Co-Researcher Project (CoR).   
 
The second Pilot Study was a Longitudinal Study of attitude to school science 
across the transfer from Primary to Secondary settings.  Through a combination 
of data collection methods a broad view of the background attitudes to school 
science was constructed but in terms of the Co-Researcher Project the 
importance and quality of the children’s own ideas about what might be the 
most important aspect of their experience in determining attitude was 
reinforced. 
 
This then was the spark that started the Co-Researcher Project, which set out 
to explore how working with a small group of self-selected Co-Researchers on 
their own research questions about their learning in science might impact on 
their own understanding of Science, Research and the learning process.  
Through teaching them the relevant research methods, supporting them in 
conducting their research and working with them to disseminate the results I 
hoped to find out if working in this way was beneficial for them, for their school, 
for a research working with them and for Educational Research as a discipline. 
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1.1: Position of Researcher 
 
One of the central threads of both pilot projects was the development of the 
roles played by all involved.  Within qualitative research (and indeed all 
research) the role of the researcher is important, and subtle differences in 
approach, research design and question formulation can have profound impact 
on the data gathered. Finlay (2001) offers a summary that feels like a qualitative 
researcher’s creed: 
‘We accept that the researcher is a central figure who influences, if not 
actively constructs the collection, selection and interpretation of data.  
We recognize that research is co-constructed, a joint product of the 
participants, researcher and their relationship.   
We understand that meanings are negotiated within particular social 
contexts so that another researcher will unfold a different story.   
We no longer seek to eradicate the researcher’s presence – instead 
subjectivity in research is transformed from a problem to an opportunity.  
In short, researchers no longer question the need for reflexivity: the 
question is how to do it.’ (Finlay 2001 p212) 
 
In exploring what reflexivity is or should be for me within this research I am 
taken by Finlay’s categorisation of it into 5 broad types:  introspection; 
intersubjective reflection; mutual collaboration; social critique; and discursive 
deconstruction.  The first two categories focus on the position of the researcher 
as solitary, although the intersubjective reflection category positions this as 
‘self-in-relation-to-others’  (Finlay 2001 p216). The CoR project, however, goes 
further than this to recognise research as a co-constructed account in which all 
those engaged in the research are recognised as reflective beings.  These are 
characteristics of Finlay’s ‘mutual collaboration’ model which brings with it the 
responsibility to engage in ‘cycles of mutual reflection and experience’  
(Finlay 2001 p218) and a regular ‘opportunity to hear and take into account, 
multiple voices and conflicting positions’ (Finlay 2001 p220) which influenced 
the research design and data collection as well as the approach to analysis.  As 
participant observer and lead researcher, I was acutely aware that my influence 
on the research findings would be significant in that  'the researcher's 
orientation and the definition of the situation cannot help but have ramifications 
for the way people are treated or thought of' (Peshkin 2000 p5).  But it was also 
fundamental to this project that the questions and interests of the Co-
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Researchers would raise questions and set off harmonics in my own 
understanding, and would direct my attention to particular angles in the data.  
 
This idea is developed by Berger (Berger 2013) who focuses on the impact of 
the researcher’s background in 3 main ways: on access to the field, 
relationships with the participants and interpretation of the findings. 
My background as a teacher and lecturer, my age and gender as well as 
aspects of my character, ethnicity and dispositions all inevitably impact in a 
particular way on the children as do the power balances implied in any definition 
of roles in the research project.  My identify as a teacher and lecturer involves 
personal motivation to have an impact, improve lives, support development and 
my age and experience situates this in the landscape of the education of my 
own childhood as well as that of those I have taught.  I believe in holistic 
education and the development of independent learners who will contribute 
thoughtfully to a future society but I also prefer to work in a team, to share and 
co-develop ideas and to strive towards a better situation for those I work with.  
These aspects of my own make up are a driving imperative in the development 
of this research project. 
 
I had an existing relationship with the school through my role as a parent at that 
time as well as a professional relationship as a lecturer in initial teacher 
education and a researcher working at their partner university.  From the point 
of view of the co-researchers in the group I was a complex mixture of teacher, 
parent and researcher of a similar age to their own parents and with a particular 
interest in their own learning – potentially a very intrusive person indeed!  (for a 
discussion on the ethical implications and stance please see section 5.1.7 in the 
methodology chapter)  At the start of the main project I had been visiting the 
school periodically over two years collecting data for Pilot Study 2 which 
included interviews with some of them and had developed a professional 
working relationship with their headteacher, head of year and the science team.   
The Co-Researcher group also came with their own backgrounds and 
characteristics based on age, gender, experience and dispositions.  They were 
differently affected by these and their motivations for joining the project varied 
between keen interest in education research encouraged by a family with a 
research focus, a complete misinterpretation of the project (as it transpired) and 
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an interest in science research because of a clearly mapped career pathway or 
curiosity and interest in the findings presented in the feedback assembly and a 
disposition to investigate and take a personal interest.  The key thing they had 
in common was that they were self selecting from a larger selected group, who 
had all expressed reflective ideas about the early and tentative research 
findings that had been fed back to their year group. 
The roles undertaken by the children involved in all the different studies differed 
in terms of engagement and control as I explored and developed my approach.  
Additionally, the Co-Researcher role developed, and as my stance as a 
concerned mentor and researcher both in terms of leading sessions on 
research technique developed, the impact on the children themselves and on 
the research data derived also changed.  In particular, in the main study, my 
relationship with each of the co-researchers varied depending on the needs of 
that particular time.  At times they were the lead researchers, making decisions 
about their own research and autonomously developing their own ideas, at 
other times they sought advice from me as a mentor or requested support from 
me as a research assistant.  However, within the setting I had the attributed 
position of a teacher with access to the staffroom and the ‘right’ to ask particular 
questions of staff that they did not.  This meant that they sometimes had to 
defer to me because of the school setting in order to get things done.  There 
were also times when they slipped back into a pupil/ teacher mode of working 
when they wanted instruction or help with what they were trying to do – a 
comfortable and familiar, and therefore easy and restful, relationship in which all 
probably felt secure.  This changing relationship which developed and modified 
from moment to moment at times between mentoring, teaching, technical 
support and peer reviewing, is inextricably linked to the findings of the project 
which cannot be considered without reference to those relationships.   
Understanding the power balance implied in these differing relationships is 
critical.  The intention to develop co-researchers roles within the project was not 
in my hands alone but must (in order to retain integrity of purpose) be designed 
and driven by the children involved.  The co-researcher role therefore becomes 
central and their ownership of their own research and influence on the nature of 
support I provided should be finely negotiated.   The idea of children as Co-
Researchers is not new, it is raised by Maykut and Morehouse (2000) as a way 
to reduce ‘the power differential between the researcher and the research 
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participants.' (Maykut and Morehouse 2000 p71) and this particular purpose is 
central to this project.  It is one I needed to be particularly mindful of. 
In order to maintain careful safeguarding of this power differential it was also 
important to maintain a separation between their research (and my support for 
it) and their participation in and contribution to my own research which is 
transparently aimed at understanding the impact of their engagement in their 
own research.  A fuller discussion of this aspect of research design and 
outcomes is undertaken later (Chapter 5: Methodology).  The intention was 
always to engender a partnership between the children and myself that 
empowered both parties. 
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1.2: Organisation of the Thesis  
 
This thesis is organised to tell the story of the development of my work around 
children as co-researchers and set the context within which the project evolved.  
Since it is formulated as a case study, context is essential (Flyvbjerg 2011) to 
understand the nature of the case and situate the findings that emerge.  
Moreover, the nature of my approach to working with children is developmental 
and the preceding work, especially the second Pilot Study, form some of the 
background data against which the outcomes are set.  For these reasons I have 
included a chapter outlining the Pilot Studies that lead up to the subject of this 
thesis. 
The main focus is on the way of working with children but it is set in the context 
of learning about science in school and makes reference to attitude 
development as a potential impact of this kind of working.  I have therefore, 
included a literature chapter on attitude to school science as well as a separate 
one on children as co-researchers. 
Additionally, due to the nature of the analysis process that I used which is 
informed by multi-grounded theory (Cronholm 2005) the results and analysis 
sections, which would normally be separated into distinct chapters, are 
combined.  This chapter comprises three sections reflecting three parts of the 
data, each of which is treated differently:  quantitative data arising from an 
attitude scale; the co-researchers own project reports; and the transcribed 
outcomes of interviews, discussions and email exchanges.  This highlights the 
last variation from a standard thesis, the inclusion of research by others (in this 
case the co-researchers), which is included with their permission and as 
illustration of the outcome of working with children in this way. 
This has resulted in a framework for my thesis submission as follows: 
1. Introduction 
2. Pilot Studies 1 and 2 
3. Literature Review:  Attitude to School Science 
4. Literature Review: Children as Co-Researchers 
5. Methodology 
6. Results and Analysis  
7. Discussion and Conclusions 
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Chapter 2:  Pilot Studies 
 
The Pilot Studies are included here as they are an important part of the story of 
how the CoR project came about.  Collectively they were important to this main 
study in terms of developing my ideas about the role children should or could 
play in research and how this would affect the research design.  They were also 
important in developing the attitude scale instrument, in establishing a baseline 
for attitude to school science in the main study school and in identifying the Co-
Researcher group themselves through eliciting feedback to early interpretations 
of thie attitude data.   
 
2.1: Pilot Study 1 (Qualitative: Perception of Good 
School Science) 
 
My first pilot study (Qualitative: Perception of Good School Science) explored 
how children viewed science learning in school and attempted to gauge their 
perceptions of the importance of each element of that experience.  In this study 
I worked alongside the teacher, teaching assistant and Year 5/6 (age 9-11) 
children in a small rural primary school, investigating different social settings 
(see below) and activities and inviting the children to reflect on their response to 
school science through taped discussions and interviews.   
 
On each intervention day we started with an investigation in which data were 
generated and collected by the children and briefly discussed by the whole 
class.  In each case this was followed by the children discussing what the data 
told them in 4 different social groupings; one group led by the teacher, one 
group facilitated by the teaching assistant, one group working without any adult 
present and one group working in pairs.  The discussions were prompted by a 
series of questions raised in the whole class discussion but they were 
encouraged to take this discussion further if something struck them about the 
data.  The children’s responses were tape recorded to remove the ‘chore’ of 
writing their responses and to facilitate greater output.  On each intervention 
day we changed the children in each group type so that, over the course of the 
study, all the children experienced all of the groupings.  
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I was struck by the differences in quality of these responses depending on the 
nature and make-up of the group that responded.  In particular the independent 
peer group, who were working without an adult present, produced the most 
extensive discussion on more than one occasion; giving longer discussion 
strings, more original and creative ideas and taking greater responsibility both 
for their own learning and group learning as a whole.   
 
Since this was not the research question I had asked, I did not capture detailed 
evidence to explore these ‘hunches’ but my observations led me to think about 
the social groupings involved and the impact on learning that seemed to be 
emerging. 
 
Groups working with adults engaged in a very different way. The teacher led 
group relied on the teacher to direct the learning, seeking confirmation of the 
‘right’ answers while the group supported by the teaching assistant, who had 
been asked to limit her contribution to supporting the social nature of the group, 
adopted familiar discussion patterns from their more usual learning formats and 
in one case promoted one child to the adult role to control the discussion 
direction.  Children in pairs produced shortest and most superficial responses.  
Their ‘discussions’ were often reduced to question and answer with confirmation 
by a partner, they ‘took turns’ to tackle each question and exhibited clear 
indications of low confidence in their ability to ‘get it right’.  The following extract 
is taken from a pair of children who had been asked to interpret a bar chart 
showing the number of different coloured ‘caterpillars’ that had been found in a 
small area of the school grounds.   
 
Claire:   The data is, the red one is the main one that is easier to 
find than the white and the blue because they don’t stand out.  The reds 
are the easiest to find because they stand out from the grass. 
Karen:   They do stand out from the grass.  The green was hard to 
find because it blends in with the grass.   
Claire:   The green was hard to find because it was the same colour 
as the trees.   
Karen:    I’d be the green, because you can’t really see it in the grass 
because that’s where your eyes would normally be, so I’d be the green. 
Claire:   No, not really.  Um, in the daytime because birds can see 
better, but in the night they haven’t got good eyesight… 
       PWK&C  
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Interviews with children involved in each setting elicited comments suggesting 
that the independent group had enjoyed and felt satisfied with their learning 
whereas this section taken from an interview with children who had worked as a 
pair suggests that they were frustrated and felt that they needed more support 
from an adult. 
Karen:   Yes.  Well we went through the questions first, the answers 
then and then again because there were some we didn’t understand like, 
so then we… 
Beth:   Which ones did you find difficult to understand? 
Karen:   We found not the first, the second paragraph… 
        INTK&C 
 
Claire:   Well, we thought like - with the pretend caterpillars, we 
thought the birds were the same as we did and are they a same colour 
and all that, but we didn’t think we’d really understood it, so we just said 
‘no, not really’. 
       INTK&C 
Adult led groups typically indicated that they felt they had completed the task or 
‘got it right’ in contrast to those without an adult who had wrestled with their 
answers more. 
 
For me this highlighted the value of discussions that are well managed so that 
the participants in them are encouraged to reflect on their understanding, justify 
their views and in doing so develop understanding further and begin to see how 
they are thinking.  In this way discussion, carefully managed and allowed time is 
the starting point for the development not only of understanding but of 
metacognitive skills. 
The experience raised interest in the effect of social groupings, expectations, 
achievement and in particular the effect of children taking responsibility for the 
activities they were engaged in on their approach to learning.    In particular it 
reinforced the ideas raised by Hargreaves that pupils working collaboratively on 
tasks spent more time talking about the task than talking about other things and 
that this ‘task related talking’ increased with size of the team.  (Hargreaves and 
Galton 2002) 
 
As other researchers have noted before (Piburn and Baker 1993) when working 
closely in this way with children, I was struck by their helpful and insightful 
comments on the research process and on their understanding of their peers’ 
thinking; they were able to talk together about the process in a way that I could 
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not – being adult and clearly, from their point of view, a teacher.  In order to 
increase the opportunity for this discussion and to aid my own understanding of 
the children’s thinking I invited Year 6 (age 10/11) children who had already 
worked with me in Year 5 (age 9/10), to act as co-researchers in the second 
year of the study.   
 
This was the start of my interest in working with children as co-researchers and 
as yet was very differently conceived from the framing of co-researcher working 
in the main study. Following discussion with their class teacher and parents 
about what this might entail, these children signed up for the process and then 
helped me by interviewing their younger peers, supporting their learning in 
sessions and reflecting on their approach to the activities in a research diary.  In 
this case the research agenda was my own and the interview schedule outlines 
were given to the children and discussed beforehand.  This was only partially 
successful in terms of my research agenda; whilst the children were pleased to 
be valued in this way, they lacked ownership of the research process and time 
limits reduced their effectiveness in gathering data.  Clearly the concept of 
working as a co-researcher needed to be thought through more and I continued 
to develop this later in the process, after the Quantitative phase of Pilot Study 2. 
 
At the end of Pilot Study 1 the group of children who had enlisted as co-
researchers in this early form, also took a keen interest in the development of 
the attitude scale. They trialled various approaches that I had identified as 
indicated in the relevant literature (Wareing 1982; Pell and Jarvis 2001; van 
Aalderen-Smeets and van der Moden 2013) and gave feedback on what they 
found relevant, useful and accessible for themselves and their peers.  A fuller 
account of the development of the attitude scale is explored in Chapter 5 
(Methodology). 
 
As Warren (2002) acknowledged in his spontaneous involvement of children as 
co-researchers within his study on gender issues in primary schools, I had not 
allowed sufficient time for discussing and synchronising aims or for supporting 
the children as they developed research skills they would need for their role. 
‘time should have been dedicated to ‘training’ them in the techniques of survey 
collection’ (Warren 2002 p128).  Warren’s approach was to enhance the quality 
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and validity of the data he was collecting and the competence of the children to 
assist in collecting data for it.  My interest is more aligned with opening the 
possibilities that research can offer to the children themselves and in the 
process to see what impact this might have on their understanding of their own 
learning and what areas of research they would consider most valid.  This 
experience in the first pilot study was key in focusing my attention on the role 
children can play in the research process, their contribution to research design 
and the impact of working in this way on their own development.  As Warren 
says: 
 ‘children need to engage, and critique, different ways of ‘seeing’.  This 
includes the difficult task of foregrounding their own interpretative 
frameworks, and how their different identities, including that of 
researcher, are always in the process of becoming.’  (Warren 2002 p134) 
 
The outcomes of this first pilot study were very encouraging however, not least 
in that the children showed increasingly mature responses to their own learning 
including becoming aware of how and why they worked best in science in 
school.  Kellett (2004) notes four important points that emerged from her work 
with children conducting their own research following research training:  
'Firstly, the children succeeded in getting responses from within their 
peer group in a way that may not have been possible for adult 
researchers because of power and generational issues.   
Secondly, their work adds to the body of knowledge about children and 
childhood from a genuine child perspective.   
Thirdly, the dissemination of research carried out by them and, 
importantly, owned by them, empowers children with a voice.   
Fourthly, the experience of participating as active researchers has been 
an empowering process.  (Kellett et al. 2004 p341). 
 
Another very positive outcome from my own pilot study involves the children’s 
science attainment.  The Year 6 children working with me had been given 
predicted scores for their end of Key Stage 2 (age 11) tests which were 
generally below average as was then the trend within the context of this school.  
The scores they achieved, however, were much improved and the class teacher 
attributed a degree of this improvement in attainment to the increased status of 
science in school following the perception study itself and also the children’s 
increased personal ownership of the second year of study as co-researchers.  
There follows the email from the class teacher in response to a request for her 
assessment of any impact that the research study might have had. 
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‘The pupils gained hugely from the experience of being co-researchers 
and of taking control of their learning and investigations. They developed 
skills in communication, organisation and planning. The study gave them 
the confidence and self-esteem to guide and discuss findings with their 
peers.  
In terms of how the study affected the pupils' learning, this was clearly 
reflected in their SATs results which were above the targets set. Being 
co-researchers enabled the pupils to clarify their thinking and 
communicate their findings more clearly. It developed their scientific 
thinking, reasoning and understanding.’ (class teacher 06.07.05) 
 
This link between taking responsibility for and thinking about their own learning 
and attainment is reinforced by studies such as the Cognitive Acceleration 
through Science Education (CASE) and Open-Ended work in Science (OPENS) 
projects.  CASE studies involve training children to solve problems through a 
variety of thinking skills such as ‘highlighting discrepancies, brainstorming 
ideas, explaining, demonstrating and changing ideas’ (Venville 2002 p46) and 
the OPENS project aims to develop investigative skills through activities in 
which 'pupils are involved in thinking about the process in which they are 
involved' (Watson and Fairbrother 1993 p37).  Both reports indicate that 
engaging children in metacognition at all ages may have an impact on 
attainment and indeed on their approach to learning across all subjects.  As is 
argued by Robertson for CASE, where children are enabled to think more 
reflectively about how they learn:  ‘The corollary is that pupils in turn will be 
more effective learners and, thus, attain more from their education.' (Robertson 
2002 p64) 
 
This Pilot Study provided the impetus and background context for the main 
study.  It also included the initial development of the Attitude Scale used in Pilot 
Study 2 (Attitude Study) and as the basis for the Quantitative Data analysed in 
Chapter 6.  Further discussion of the development of this scale is given in the 
Methodology Chapter (Chapter 5). 
The development of working with children as co-researchers was also initiated 
in Pilot Study 1 and prompted the literature review on that subject in Chapter 4.   
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2.2: Pilot Study 2 (Quantitative: Attitude Study) 
 
In parallel to Pilot Study 1 (Qualitative: Perceptions of Good Science) I had also 
started a longitudinal study (Pilot Study 2) looking at children’s attitude to school 
science over transition from Primary to Secondary Settings (Years 5 to 9, 10 to 
14 years of age).  My interest here was to look at the changes in attitude that 
has been well documented in the literature (Hargreaves and Galton 2002) and 
is particularly accented in science (Pell and Jarvis 2001), (Braund and Driver 
2002), (Simon 2000), (West et al. 1997) and (Wareing 1982).  I also wanted to 
explore children’s perceptions of this.  I chose to use a variety of data collection 
methods in order to check the validity of my interpretation through triangulation.  
To this end I collected quantitative data such as attitude and semantic 
differential scales (Krathwohl et al. 1956), (Pell and Jarvis 2001) and qualitative 
data in the form of tape  recordings of their own words and their own drawings 
of science and scientists (Chambers 1983), (Finson et al. 1995), (Schibeci and 
Lee 2003). 
Following the first year of data collection in the Attitude Study, I presented a 
summary of initial findings both to the school staff and to pupils in Years 7 & 8 
who had all taken part (Figure 2.1).  The feedback to the children took the form 
of an assembly at which all children were provided with a feedback sheet and 
asked to respond to the presentation to challenge or confirm my summary of 
what the study initially found.   
Figure 2.1 Summary of key points in Y7/8 assembly  
 
 
 Interest in School Science reaches a peak in Year 7 and then declines in Year 8  
 Year 8 pupils are more likely than Year 7 pupils to… 
o consider creative & different ideas important in science 
o feel that science has a benefit for society  ( better world, good for everybody) 
 Year 8 pupils are less likely than Year 7 pupils to… 
o try science out at home or consider clubs a good idea. 
 Boys are generally more positive about school science than girls. 
 Girls were less likely than Boys to rate science as interesting, this trend becomes more 
pronounced year on year. 
 Boys were more likely than Girls to view science as very important, very clear & highly 
technical even when overall averaged scores against all items are similar.   
 Science is increasingly seen as very logical and valuable. 
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On reviewing the feedback sheets completed by the children during the 
assembly, I was struck by the quality of some of the responses and reminded of 
the response of Year 6 children to being part of the Pilot Study 1.  How would 
these Year 7 & 8 children respond to taking a more central role within the 
attitude study?  What questions might they suggest as a research focus, what 
would the impact be on their own understanding of their learning and of the 
education process?  What questions might they suggest as a research focus, 
what would the impact be on their own understanding of their learning and of 
the education process? 
 
Both Pilot Studies led me to explore further the impact of the nature of the 
relationship between adult and children on their engagement with, 
understanding of and attitude to learning.  That the children were capable of 
raising interesting questions to research in their own right was clear, and that 
these might be relevant and contribute to wider understanding likely.  Current 
studies by other researchers such as Kellett encouraged me to develop a Co-
Researcher Project in which children would act as researchers into their own 
understanding of learning science in a school setting.  My interest, other than as 
their mentor in supporting their own projects, was to explore how working as a 
co-researcher might impact on their attitude to learning science and identify 
other consequences that might arise.  I was also interested in whether this kind 
of approach had implications for the school and the wider education sector in 
terms of providing further opportunities for children to engage in Co-Researcher 
Projects as part of school life. 
 
In order to frame the main study I explored the literature around attitudes to 
school science (Chapter 3) and children working as co-researchers (Chapter 4) 
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Chapter 3:  Literature Review 1: Attitude to 
School Science  
 
The Pilot Studies led me to develop two areas of interest that I want to explore 
further.   
The first involves the concept of attitude to school science and how this impacts 
on science attainment, career choice and the development of engagement in 
decisions as an adult.  I will also explore how this attitude is affected by 
experiences during school years, including the influence of key people, role 
models and peers and the relationships involved.  
The second area of interest is in unpicking the relationship between the 
researcher and the people being researched.  I will explore the balance in 
research approaches between these key players and consider how this 
changes the experience of the research process for those involved.  I will also 
consider how this might affect the outcomes of the research project, both in 
terms of findings and impact on the learning of all involved.  
This chapter explores the first area:  that of attitude to school science. 
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3.1: What is Attitude? 
 
Attitude can be defined as 'the feelings that a person has about an object, 
based on their beliefs about that object.' (Kind et al. 2007 p873) and can be 
‘positive or negative‘ (George 2000 p215).  It should not be confused with 
general affects such as moods and emotions which can also influence feelings 
but are not subject specific. (Barmby et al. 2008).  In this study the object 
should be clearly identified as school science. 
 
Gardner emphasised that attitude is ‘a learned predisposition ‘(Gardner 1975) 
and as such is in a state of growth or change over time as a result of 
experiences and contexts associated with it.  Researchers have used a broad 
range of indicators and behaviours to try to understand attitude which have 
included: 
  ‘the perception of the science teacher; 
  anxiety toward science; 
 the value of science; 
 self-esteem at science; 
 motivation towards science; 
 enjoyment of science; 
 attitudes of peers and friends towards science; 
 attitudes of parents towards science; 
 the nature of the classroom environment; 
 achievement in science; and 
  fear of failure on course.’  (Osborne 2003 p1054) 
 
What is important is that these factors can be applied to science in a variety of 
contexts and so attitude to science can also only be properly understood in 
context – and hence, Osborne argues, description of an attitude should always 
include the context in its description (Osborne 2003).   
 
The Organisation of educational objectives into three definable domains: 
cognitive, affective and psychomotor  is the purpose of extensive work by 
Krathwohl Bloom et al (Krathwohl et al. 1956). 
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Attitude forms part of the second, affective, domain which is defined as 
comprising. 
“Objectives which emphasize a feeling tone, an emotion, or a degree of 
acceptance or rejection.  Affective objectives vary from simple attention 
to selected phenomena to complex but internally consistent qualities of 
character and conscience.” (Krathwohl et al. 1956 p7) 
 
The difficulties identified above, in defining both the meaning of attitude and 
identifying the best method for measuring it, are reflected in those encountered 
by Krathwohl and Bloom in developing the affective section of their taxonomy.  
They recorded issues such as lack of clarity and difficulty with finding an 
ordering principle.  This had not been true when developing the cognitive strand 
of the taxonomy where ‘many of the objectives had been developed with 
considerable precision as the result of much interaction between teachers and 
evaluators’ (Krathwohl et al. 1956 p9)  indeed this aspect of learning is 
commonly and frequently measured under the heading of school assessment 
and examples are freely available.  Attitude is more complex in that it depends 
on a cross play of factors that influence its development and underpin its 
resistance to change. 
 
In trying to understand attitude, the influences that contribute to it and 
behaviours it influences in turn, researchers have developed a number of 
models. Whilst this study looks at children’s attitude to school science I have 
found Van Aalderen-Smeets and Van der Moden’s (Van Aalderen-Smeets et al. 
2012) psychological model developed in work on primary teachers’ attitudes to 
science useful.  This model is based on 7 factors identified from a survey of 
literature and which have been found to influence behaviours around teaching 
science in schools.  
36 
 
 Van Aalderen-Smeets and Van der Moden’s model groups the 7 factors into 
three areas listed below and shown in the derived model in Figure 3.1:   
1 Cognitive beliefs about science (3 factors); the relevance of science 
knowledge as a citizen, the difficulty of teaching it in school and perceived 
differences in the engagement of boys and girls or the teaching approaches of 
men and women. 
2 Affective states (2 factors):  the levels of anxiety and enjoyment 
engendered  
3 Perceived Control (2 factors): confidence in their own subject knowledge 
and the impact of relevant support or resources. 
 
The movement toward active teaching in which direct instruction is used to 
focus on testing may be relevant in this last category.  Ruthven notes that in the 
period between 1999 and 2007 active teaching  was increasingly employed in 
an attempt to raise attainment.  His analysis indicates that ‘reform with an 
emphasis on active teaching in English schools has been associated with a 
fundamental gain in student achievement in mathematics but not in science’ 
and also ‘with a severe decline in student attitudes to both subjects’ (Ruthven 
2011 p453) 
 
Figure 3.1 : Dimensions of Attitude Toward Science (DAS)  
Theoretical framework for the construct of primary teachers’ attitudes 
toward (the teaching of) science (Van Aalderen-Smeets et al. 2012 p176) 
 
37 
 
This model is interesting but highly selective in the factors included.  It makes 
the assumption that only those factors that have been studied and reported in 
the literature are relevant to the study of attitude.  This approach is worthy of 
caution since it is clear from other researchers that multiple factors are involved 
in predicting attitude.  Moreover, since this model was developed to understand 
teachers’ attitudes to science its interest here is in how closely children’s 
attitudes may mirror that of their teachers.   The proposal that children’s 
attitudes are influenced by those around them, notably their parents, teachers 
and peers is not new, and indeed is the first on the list offered by Osborne 
above.  However, the psychological model offered here is useful in reinforcing 
the three areas:  cognition, affect and context-within-control as lenses through 
which to understand attitude to school science.    
 
In a subsequent study, van Aalderen-Smeets and van der Molen found that 
some of these factors were less variable across their sample of teachers.  They 
suggested that profiling teachers for self efficacy and context factors and for 
enjoyment and anxiety were the most useful when identifying those teachers of 
science likely to be more successful in raising children’s interest and attainment 
in the subject (van Aalderen-Smeets and van der Moden 2013).   
 
Osborne’s list presented earlier is a useful point of reference here and certainly 
supports the importance of context in terms of the nature of the classroom 
environment and the perception of the science teacher although these are 
clearly not in the control of the learner.  The concept of Self efficacy can also be 
matched in Osborne’s list with self esteem and achievement. For children this is 
perhaps more closely allied to the affective states represented in the model as 
made up of the enjoyment/ anxiety elements and which are clearly identified in 
Osborne’s list.   
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The diagram below (Figure 3.2) shows my adaptation of van Aalderen-Smeets 
and van der Molen’s model for children using Osborne’s list of key factors in 
attitude to school science and dividing the area of perceived control into its 
underlying areas of Context Dependency and Self-Efficacy. 
 
Figure 3.2 : Amended model to represent children’s Attitude 
towards School Science.   
Based on Theoretical framework for the construct of primary teachers’ 
attitudes toward (the teaching of) science (van Aalderen-Smeets et al., 
2012)  
 
For adults, cognitive beliefs about the value of science, its difficulty and gender 
differences are likely to be fairly well set, whereas for children these are still in 
development.  As an educator I would hope some influence was possible here.  
If this is the case, it is important to consider the role of significant others.  
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3.1.1: Significant Others 
 
One of the key influences on children’s attitudes to school science comes from 
the people around them and this can affect their attitude in both positive and 
negative ways (Logan and Skamp 2012).  Whilst all interactions have the 
potential for some influence it seems clear that the stronger the relationship the 
greater the effect (George 2000).  Sjaastad defines a significant other as ‘a 
person who either through direct interaction or by example provides information 
which influences the focal individual’s conception of his or her self or the focal 
individual’s conception of an object.' (Sjaastad 2013 p194).  In the case of 
children this might include parents, peers and teachers, or for the co-
researchers the research team they are working with. Archer, DeWitt et al are 
also clear that ‘children’s aspirations and views of science careers are formed 
within families’ (Archer et al. 2012 p902).  and that ‘the interplay of family capital 
and habitus’(Archer et al. 2012 p904) is influential in determining what is both 
achievable for a family member and desirable in terms of perceived success.  
Sjaastad identifies two aspects of attitude: the self and the object of the attitude 
so that when discussing children’s attitudes to school science the children are 
represented by ‘self’ and school science by ‘object’.  He also proposes that 
there are two ways to influence attitude: firstly by directly defining or describing 
the kinds of people who are positive about school science or explaining what it 
actually is, and/ or secondly by modelling (or being) someone positive about 
school science or actively modelling (doing) it.  This gives four ways for a 
significant other to influence attitude, presented in Figure 3.3 below. 
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Figure 3.3: Four modes of significant person influence  
From Sjaastad (2013 p195) 
 
In the light of this model the CoR project included both modelling and defining 
by the adult researcher and by the individual co-researchers and their peers 
through active engagement in the project and by talking about researchers and 
considering other research.  However, the modelling was focused on research 
into science learning whereas the defining included discussion of school 
science, science as a career and scientists.  This gave the group a range of 
ways of visualising or realising some aspects of being a researcher in this field. 
I will return to this in the discussion to consider whether this influenced their 
attitude to, and confidence in, discussing research as a result.  In terms of 
impact on attitude to school science the co-researchers were exploring explicitly 
how others behave in the context of science in school and had the opportunity 
to consider a variety of role models such as teachers and peers.  It will be 
interesting to discuss whether understanding more about the range of people 
who have a positive attitude to science in school such as teachers influenced 
the co-researchers’ own attitudes to school science or becoming involved in 
science themselves. 
 
The idea of significant others influencing children’s developing attitudes is noted 
also by Hampden-Thompson and Bennett, who comment that ‘'Students who 
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have either one or both parents working in a science-related career report 
higher levels of enjoyment, future orientation, and motivation than students who 
do not.' (Hampden-Thompson and Bennett 2011 p1335).  The strongest 
influences are from those that know the children well.  Although earlier 
definitions of significant others include celebrities, Sjaastad claims that ‘the 
significant persons with greatest significance are the ones who know the girls 
and boys personally’ (Sjaastad 2012 p1630).   
 
Sjaastad’s framework offers an interesting way to consider what aspects of our 
actions or discourse might be important in that process.  The old saying that 
actions speak louder than words may be relevant here and modelling has long 
been held to be pedagogically more powerful than lecturing.  The CoR project is 
conceived around engaging students in being researchers into their own 
learning, which in this model means adding the influence of their own group and 
an adult researcher to that of relevant adults and teachers.  School science is 
characterised by group work and peers can be highly influential both in class 
and outside it.  Pell and Galton’s study on group work in science identified 
different roles taken by children in school group work.  They acknowledged that, 
for the best results, the children and the teachers need to be well practised in 
group work and have plenty of time to evaluate and improve the way they work 
together, but the results are encouraging showing signs of raising the 
engagement and attitude of all children – not just the most able (Pell et al. 
2007). 
 
This socio- cultural consideration is reinforced by Jegede, Fraser and 
Okebukola (1994) who postulated that 'regardless of how adequate the 
conditions for teaching science are in our classrooms, the socio-cultural 
characteristics which children bring into the class from their environment might 
create a wedge between what they are taught and what they learn' (Jegede et 
al. 1994 p139).  The impact of this cultural context on attitude to school science 
was significant in their view and reinforces the need to foreground socio-cultural 
expectations and world views explicitly in order to enable learners to understand 
their own position more clearly and take ownership of their own learning 
effectively.  The CoR project pays particular attention to the socio-cultural 
influences.  As a result it is set it in a Vygotskian social constructivist context, 
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includes discussion as a major part of research design and methodology and 
pays attention to the influence of the significant others identified within it.  The 
co-researcher group themselves represented a range of socio-cultural 
backgrounds, and brought the influence of these into the research project.  
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3.1.2: Measuring Attitude 
 
The measurement of attitude has been of interest for many years and a number 
of approaches have been tried with variety of success.  Among these 
approaches are the use of student enrolment on subject courses at school or 
inventories of interests chosen by students.  However these approaches yield 
inconclusive results since responses are affected by a number of additional 
factors such as economic and social constraints or the perception of the listed 
items (Lincoln et al. 2011).   
Ranking of subjects has also been used and can offer some insights but since it 
is based on relative values does not help with unpicking how attitudes change 
over time or indeed what underlying factors might be important. 
The most commonly accepted method is through the use of one of several 
different kinds of attitude scale.  One example of these is semantic differential 
scales such as those developed by Thurstone (Thurstone 1947) in which 
respondents choose a response that best fits their thinking from pairs of 
opposite words. More commonly and more recently,  Likert scales have been 
used,  in which respondents rate their agreement with each of a set of items, 
often on a numerical scale. 
However, there are some common pitfalls in measuring attitude which can 
make comparison of previous research problematic 
'This may be due to the nature of the attitudes themselves (the studies 
simply have measured different attitudes), the validity of the research 
instruments (the same attitudes have been measured, but some 
instruments have poor validity), or the contexts in which attitudes have 
been measured (attitudes may develop differently in different contexts).' 
(Barmby et al. 2008 p1079) 
 
The focus on clarity about the target attitude being measured is reinforced by 
Krogh who comments that the ‘imprecision of the key term attitudes towards 
science' (Krogh 2011 p46) is a common complaint from reviewers.  Krogh also 
raises a recurring problem of confusion between uni-dimensionality and 
reliability which was first noted by Gardiner (1995).  In developing the 
instrument used in the CoR project I was mindful of both these pitfalls and 
explore in more details how I guarded against them in the methodology and 
results sections.  The context, science in school, remains constant across both 
44 
 
Pilot Studies and the main study during the time of the development of the 
instrument and is extensively discussed during analysis of the resulting data.  
 
Krogh also notes a key limitation to conventional attitude research as a ‘lack of 
dialogue’ between research using quantitative approaches such as attitude 
scales and qualitative case studies.  The strength of the former being to 
‘establish patterns of relationships’ whilst qualitative case studies are better 
placed to explore the meanings and motives that underpin these. He suggests 
that 'mixed methods approaches where larger quantitative studies are 
complemented with rich qualitative small sample studies would be the natural 
and useful consequence' (Krogh 2011 p47).  The CoR project seems well 
placed then to offer a contribution to this dialogue and unpick not only potential 
relationships but perhaps some insight into the meanings and motives behind 
them.   
 
The practice of measuring attitudes continues to be widespread but it is 
important to remember that it remains a problematic area with no overall 
‘correct’ approach (Kifer 1992).  Attitude is likely to be influenced by complex 
inter-related factors and comprise a variety of sub attitudes but its significance 
in influencing learning is generally accepted and the implications of this are 
further explored in section 3.4.  Wareing puts it quite strongly claiming that “any 
educational system ignoring affect is making itself absolutely ineffective” 
(Wareing 1982 p639)   
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3.2: Implications. 
 
3.2.1: Choice of science as a career  
 
The low number of students choosing to pursue a career in science (Barmby et 
al. 2008) continues to be a concern, not only in the UK but internationally as 
well with student enrolment in courses beyond compulsory education at a low 
level across  a wide range of countries (Lyons 2006; Hassan 2008; DeWitt et al. 
2013).  As Osborne points out this is particularly problematic since it is 
combined with a low level of scientific understanding in society at large and 
central to economic and cultural development  'the low uptake of mathematics 
and science and the negative attitudes towards these subjects poses a serious 
threat to economic prosperity' (Osborne 2003 p1051) 
 
3.2.2: The influence of attitude on career choice  
 
Bybee and McCrae identified a clear link between scientific literacy, attitude and 
pursuit of science as a career choice (Hassan 2008).  Although it is entirely 
possible to have a positive attitude without aspiring to be a scientist there is 
clearly a link. 
Reigle-Crumb and Moore suggest that aspirations are formed quite early, 
‘before they enter high schools and long before they enter college’ (Reigle-
Crumb et al. 2010 p471) and it follows that an early development of positive 
attitude would be beneficial in increasing the pool of young people who might 
aspire to a career in science later.  Jenkins found that although school science 
was interesting and necessary it was ‘liked’ less than other subjects (Jenkins 
and Nelson 2005 p51).  This was not a reflection on the usefulness of the 
subject, which was generally acknowledged, nor even that it was significantly 
less interesting but may link to the perception that there was more work to be 
done to get to grips with the really interesting bits.  This separation between 
science as useful background knowledge but not a lifestyle or career choice is 
borne out by Bennett and Hogarth who also identified the crucial nature of 
experience in school science between 11 and 14 in shaping attitude and 
aspiration (Bennett and Hogarth 2009) 
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3.2.3: Monitoring Attitude  
 
In England, the overall attitude to science level has been in decline since 1995:  
in 2007 60% of year 5 students surveyed had a positive attitude, a fall of 13% 
(Sturman et al. 2008).  Clearly, in order to address the continuing problem with 
recruiting bright young people into careers in science, the development of more 
positive attitudes to science must be an aim and this is in part the purpose of 
this study. 
 
3.2.4: Factors that influence aspiration 
 
Aspiration in science, as has already been discussed, varies across a complex 
set of parameters that include ‘gender, ethnicity and social class’ but also 
‘parental or familial attitudes, student attitudes towards school science, self-
concept in science and perceptions of science and scientists’ (Iqbal et al. 2008 
p1039).  One influencing factor is the distribution of understanding of the value 
of science as a career, which varies across communities and social class 
(Archer et al. 2012).  Archer, DeWitt et al suggest that despite a prevailing 
enjoyment of science in their sample, the choice of science as a career was 
only ‘natural’ in families able to ‘foster and capitalise on their child’s interest’ 
(Archer et al. 2012 p903).  As well as support for the initial idea of a career in 
science, children need help in retaining and pursuing this idea in the face of 
inevitable challenges along the way. Aschbacher, Li et al found that ‘Students 
who participated in and found solid support for science in multiple communities 
were more likely to consolidate their science identities and persist in their STEM 
aspirations, becoming High Achieving Persisters, than students with less 
breadth and depth of support'  (Aschbacher et al. 2010 p578).  Early 
intervention to address an imbalance in family and community support for 
children with an interest in a science career may well be an important next step 
(Aschbacher et al. 2010; Archer et al. 2012). 
However, this isn’t the full picture and the context of school science, social 
expectation from home and peers and the immediate relevance of science to 
their own lives are also significant influences.  Matthews explored making 
feelings about science conscious through peer observations, frequent 
discussions and surveys and collaborative work (Matthews 2004).  His findings, 
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which included a substantial and positive change in overall attitude to school 
science are reflected in the CoR project design.  
 
The CoR project draws on findings from several studies that link development of 
argumentation and debate to growth in confidence when linked to topics that 
can have influence in the student’s own environment.  In particular it aims to 
deepen their own reflection on the way they learn and in doing so strengthen 
'thinking required of students, helping them understand and employ a deep 
approach to learning' (Thomas 2013 p1186). 
 
This focus on student’s ability to engage in important issues may also be part of 
the success of the CASE approach advocated by Adey and Shayer.  Oliver 
notes that some students ‘ are often not cognitively ‘ready’ for the demands of 
high school science courses, do not enjoy success with the courses available 
and may leave school with little improvement in their ability to engage with 
higher cognitive demands.' (Oliver et al. 2012 p1393).  The solution that CASE 
offers includes raising the challenge, particularly including 'cognitive conflict’ 
which , ‘drives the conversation and problem solving of the students working 
together throughout the lesson as they engage with the different challenges’ 
(Yung et al. 2001 p1406). 
In an intervention with 10 and 11 year olds in a primary setting, Mant found that 
increasing challenge through practical work had a very positive impact on both 
attitude and attainment.  The children involved ascribed this to an increase in 
investigations, discussion, autonomous working and a reduction in writing (Mant 
et al. 2007).  The design of the CoR project with its focus on individually devised 
and researched projects, support with practical skills to carry them out and 
embedded in a supportive environment characterised by discussion, justification 
and reflection on thinking is intended to raise challenge in a similar way. 
 
Hong explores the links between argumentation skills and attitudes to school 
cience in elementary students and concluded that 'Arguing about societal 
events relevant to science enhanced elementary school students’ practice of 
argumentation and children’s interest in learning science.'  (Hong et al. 2013 
p1644). 
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Since his intervention involved discussions on relevant issues such as global 
warming and genetically modified crops it could be that opportunities to discuss 
and engage in these issues also raised interest in the role that science plays in 
society and that by discussing them they developed their own understanding of 
the concepts behind them and their own competence to engage in that debate.  
Pell and Jarvis also noted that this kind of approach increased the intellectual 
challenge, the lack of which is linked to declining attitude to school science 
(Mant et al. 2007).   
 
These studies differ in size, methodology and focus, but they have one key 
thing in common – they engage children in thinking about what they are learning 
through discussion and empowerment.  The CoR project is designed to develop 
skills in this area through the Co-Researchers own independent/ paired studies, 
that are by their nature personally developed and relevant and which they will 
discuss and argue for in a variety of settings.  This also satisfies Bybee and 
McCrae’s observation that students engage most strongly in areas that they felt 
were immediately relevant to their lives (Hassan 2008). 
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3.3: Society’s Image of Science and Scientists. 
 
 
Exposure to social stereotypes of scientists in cartoons and films must colour 
not only students’ view of science but also their willingness to become 
associated with it. As Schibeci and Lee point out 'If students are exposed 
regularly to stereotyped images and no other images, is it not likely that they will 
begin to develop distorted views of what science is, as well as distorted views of 
what scientists do?’ (Schibeci and Lee 2003 p189).   
 
The broadly held stereotype of the scientist was first described in 1975 by Mead 
and Metraux:  
‘"The scientist is a man who wears a white coat and works in a 
laboratory.  He is elderly or middle aged and wears glasses... he may 
wear a beard... he is surrounded by equipment: test tubes, bunsen 
burners, flasks and bottles, a jungle gym of blown glass tubes and weird 
machines with dials... he writes neatly in black notebooks... One day he 
may straighten up and shout.  "I've found it!  I've found it!"... Through his 
work people will have new and better products... he has to keep 
dangerous secrets... his work may be dangerous... he is always reading 
a book." '  [cited in (Chambers 1983 p256)] 
 
 
 
Figure 3.4: Draw a Scientist example from Pilot Study 2 
 
 
This stereotypical image of a scientist is not one likely to encourage the majority 
of children to feel that science ‘fits’ with their own image whether as a scientist 
of the future or as a scientifically literate citizen.  Bruner warned of the danger of 
the impact of the reputation of science which he characterises as  ‘"inhuman" 
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and "uncaring" and "off-putting" - despite the first class efforts of science and 
mathematics teachers and their associations’ (Bruner 1996 p42).  His prediction 
that, left unchecked, this might increasingly alienate young people from 
pursuing science as a career is worryingly close to the evidence which indicates 
that the current image of school science, interpreted as representative of a 
science career and science culture, influences choice negatively (Taconis and 
Kessels 2009; Zhai et al. 2013).  Holmegaard, Madsen et al found that a poor 
view of scientists was having an impact in that ‘students who chose not to 
pursue STEM higher education programmes to a large extent did so because 
they expected it to be difficult to construct a desirable identity within those 
disciplines' (Holmegaard et al. 2014). Masnick agrees, his work indicates that 
students perceptions of science careers are that they are ‘not particularly 
creative and do not involve much interaction with others’ (Masnick et al. 2010 
p665). 
 
However, Silver and Rushton (2008) make an important point that the negative 
impact of the stereotype is only a problem when it is the most dominant image 
of a scientist.   
‘it is the children’s stereotypical images of scientists and engineers rather 
than an actual dislike of science and design technology that dissuades 
them from becoming scientists and engineers.' (Silver and Rushton 2008 
p66) 
A greater exposure to positive significant other models might tip the balance 
and work by Cakici and Bayir on role play with very young children offers some 
suggestions that this might be effective early on (Cakici and Bayir 2012).   The 
CoR project aims to offer a positive role model working alongside children with 
a focus on unpicking their own view of and approaches to learning science in 
school.   
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3.4: Variation of Attitude within School Age Children 
 
In common with other researchers (Barmby et al. 2008) I note that the literature 
refers to two distinct areas of variation in attitude to school science within school 
age children:  a change in attitude as children progress through the school 
years and a difference in attitude between boys and girls.  Both of these are 
relevant to the CoR project which is situated at a key point for attitude 
development and includes an equal representation of girls and boys in the 
cohort.  These issues are discussed further in the analysis and discussion 
chapters (Chapters 6 and 7) 
 
3.4.1: Development of Attitude over time 
 
There is plenty of evidence that attitude to school science, as to other things, 
changes as children grow up over time. 
Turner and Ireson suggest that 'pupils’ attitudes towards science are mainly set 
at an early age in primary school.' (Turner and Ireson 2010 p129).  Other 
studies have identified  a ‘steady decline in attitudes towards science as pupils 
progress through school' (Barmby et al. 2008 p1089) with a particular dip in 
early secondary school (Pell et al. 2007).  This is not confined to England either 
with similar findings in Pakistan, Taiwan, Australia, Oman among others (Iqbal 
et al. 2008).  During a study in Taiwan, Hong noted that ‘the more years the 
students were involved in science learning, the more negative perceptions they 
have articulated from their learning experience.' (Hong 2010 p1972). Murphy, 
Ambusaidi et al compared attitude trends between Northern Ireland and Oman 
and uncovered a more complicated picture with a more pronounced decline in 
Northern Ireland but nevertheless some similarities around overall decline 
across transfer to secondary school (Murphy et al. 2006).  Others however have 
noted that this may not be the case globally since they identify that there is a 
'general pattern of students from developing countries reporting higher levels of 
interest than students from developed countries.' (Bybee and McCrae 2011 
p24).  In these societies science may be seen as providing solutions to 
immediate problems. 
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In contrast, Bennett and Hogarth explored the underlying causes for the 
apparent attitude dip in the early secondary years in England and suggested a 
disillusionment with the efficacy of science in solving problems. They also 
sounded a warning note about relying on attitude scales alone in understanding 
the situation since the results from attitude scales can pick up external 
influences at the time of the data collection rather than underlying causes 
(Bennett and Hogarth 2009 p1996).  DeWitt and Archer go further and suggest 
that the reported decline in attitude is misinterpreted in earlier studies and that 
further detailed examination of scales indicates that ‘students' attitudes to 
school science remains remarkably consistent and positive' (DeWitt et al. 2014 
p1622).  They point out that the apparent decline is in fact related to interest in 
taking science further as a career, something that is broadly reported in the 
literature. 
This is important for the CoR project since attitude scales are used for 
benchmarking attitude change and reinforces the use of factor analysis to 
unpick what the scale is really reported and the importance of triangulated data 
collection including attention to qualitative methods such as interviews.    
 
In English schools, the influence of the SATs tests in year 6 may also have 
been significant in the timing of the apparent attitude dip.  Whilst this has now 
been removed for science there was some indication that the apparent attitude 
dip seemed to be starting earlier - in years 5 and 6 (Oliver et al. 2012).  
However, there is no simple relationship between assessment and attitude, and 
as Murphy explains ‘assessment per se does not cause children to go off 
science’  (Murphy et al. 2013 p602).   
 
Other studies suggest that there are more significant factors that contribute to 
the apparent change in attitude at this stage all of which relate to this being a 
moment of transition from childhood to adolescence, with the accompanying 
uncertainties of maturing physically, emotionally and socially and transferring 
from the holistic pedagogy of a primary school setting to ‘big school’.   
 
One very significant factor is that in preparing for this important transfer to 
secondary school many children build up unrealistic expectations of the new 
setting as well as anxiety about their own ability (Braund and Driver 2005). 
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 'Pupils come to science at secondary school with high expectations that it 
will be both interesting and challenging.  At the same time there is 
ambivalence in this attitude because they also worry that they will find the 
work difficult and will be seen to be 'stupid' and be 'moved to a lower set'.'   
(Galton 2002 p264).  
 
Their concern about the expected difficulty is a double edged sword, since there 
is also a need for cognitive demand which if not met can also be detrimental to 
their motivation.  Pell and Jarvis highlight this as another important factor in that 
'as primary children feel science gets easier, their enthusiasm for it declines,'  
(Pell and Jarvis 2001 p860; Oliver et al. 2012). This can be particularly acute on 
transfer to secondary schools if teachers do not fully appreciate the skills and 
abilities of the children coming into the setting from primary schools.  However, 
it is also important to note that children transferring to secondary school seem 
to want a new start in their new setting and that they might even ’look forward to 
leaving behind the work they have done before in the move up to the ‘big 
school’’ (Braund and Driver 2002 p11) 
 
It is also apparent that the apparent attitude dip may particularly sharp among 
the more able, Galton notes that 'positive attitudes to science, which are already 
in decline at primary school, dip further after transfer, particularly among the 
more able pupils'  (Hargreaves and Galton 2002 p249). Cognitive demand 
needs to be carefully set to match the potential of the students, too much is 
demoralising, too little risks being boring, especially where this involves 
'repetition of basic experimental skills without sufficient challenge in Year 7’ 
which is ‘demotivating... for pupils who are otherwise keen to learn.' (Braund 
and Driver 2005 p88).  Yung relates this to a need for better understanding 
between teachers and students of what is good school science.  He suggests 
that 'student learning of science could be enhanced if there is a closer match 
between teachers’ conceptions about ‘good’ science teaching and those of their 
students' (Yung et al. 2001 p2440) while Jarvis and Pell identify the need for 
teachers to have the confidence to provide appropriate challenge and 
independence (Oliver et al. 2012). 
 
Set against this is the emotional and social development which is also at a 
critical stage at the point of transfer to the secondary school.  Most children on 
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entering adolescence experience a period of uncertainty and confusion which is 
likely to impact on their enthusiasm for anything outside of their personal 
preoccupations.  Hong notes that anxiety can have a very strong influence on 
children’s ability to achieve and in extreme cases ‘can paralyze students, who 
by intelligence and hard work should otherwise perform well' (Hong 2010 
p1973).  Alsop and Watts also highlight this potential problem noting that 'at an 
extreme level, emotions can overwhelm thinking and concentration so that 
intellectual efforts are swamped and rendered wholly ineffective.' (Alsop 2003 
p1043). 
 
Not only are the children concerned dealing with their own emotions and 
development but the expectations of the adults around them will also be 
changing and this may compound the fragility of the children’s self-confidence.   
Mayer and Salovey identify that at this point 'using the emotions as one basis 
for thinking, and thinking with emotions themselves, may be related to important 
social competencies and adaptive behaviour.'  (Mayer and Salovey 1997 p22).  
Through providing time and a safe environment in which to explore ideas and 
feelings about science leraning, the CoR project is designed to enable the co-
researchers to move beyond their personal preoccupations.  
 
This period is also characterised by a growing awareness of their need to 
prepare for the future as citizens.  Those that look to the school science 
curriculum to help them understand their role in the adult world in terms of 
making a contribution as a citizen might well have been puzzled.  Recent 
changes in curriculum have gone some way to respond to ' increasing calls in 
the science education community for 'science for citizenship' as an important 
goal for the school science curriculum of the 21st century.' (Schibeci and Lee 
2003 p177).   
One hint to a possible response to this attitude trend comes from Galton who 
suggests that 
‘… pupils' enthusiasm for carrying out their own investigations increased 
over the primary years, from which we may tentatively conclude that a 
possible reason for the dislike of science is that, as in the lower 
secondary school, junior aged pupils carry out few independent 
investigations.'  (Galton 2002 p258) [my underlining]. 
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The CoR researcher project sits at a key point in children’s lives in terms of 
attitude development and is designed to take account of the drivers identified 
above.  By supporting the Co-Researchers in exploring their own questions 
closely, the intention is to foster their self esteem and develop confidence in 
their ability to tackle real world questions.  Time and value is allocated by the 
school to allow a successful conclusion and the project benefits from having the 
attention of the school so that the findings have the potential of real impact.  
The project models using career related skills, trying them out for themselves 
and gaining experience of ‘being a researcher’. 
 
3.4.2 Gender 
 
Differences between boys’ and girls’ attitudes to science are a common theme 
in the literature, but the significance of perceived differences is the subject of 
disagreement. 
 
Barmby and Kind suggest that boys are generally ‘more positive than girls and 
with a less negative trend in their development of attitudes' (Barmby et al. 2008 
p1078). Osborne and Simon conclude in a similar way whilst noting that ‘this 
effect is stronger in physics than in biology' (Osborne 2003 p1062). 
Others note that girls show a lower interest in science as a career (Jenkins and 
Nelson 2005; Pell et al. 2007; DeWitt et al. 2014).  Silver and Rushton agree, 
commenting that whilst the overall picture was that neither gender were positive 
overall about a career in science girls were significantly less positive than boys 
(Silver and Rushton 2008). 
 
However, there is good reason to be wary of assuming that this gender 
difference is either universal or the most important difference in the population.  
Boys and girls are both represented at both ends of the range; there are girls 
very positive about school science and boys quite the reverse.  It is also 
important to note that the differences in attitude between boys and girls is less 
than between students of different ages (Murphy and Beggs 2005).  Moreover, 
the differences in attitude do not preclude either ability or enjoyment of all 
aspects of science which is a very broad category of activities and career 
options.  Silver and Ruston offer the contrasting view that ‘there is no evidence 
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of gender bias in enjoyment of science/DT activities or perceived ability to do 
science or engineering as a career.' (Silver and Rushton 2008 p63) 
 
Perhaps the most balanced approach is that, as in many other ways, this is 
about boys and girls (and indeed all children) being different both in their 
underlying interests, the way they respond and the way they like to work and 
express themselves. 
Jenkins and Nelson asked students to rank a list of school science topics in 
terms of interest and found that the least popular for both genders included 
several items in common (eg aspects of farming, lives of scientists, local 
plants). The 10 most popular, however,  were completely different with boys 
choosing dramatic chemical reactions, weapons and their effects and space 
whilst the girls chose topics around keeping healthy and medicine and 
understanding aspects of dreaming and the soul (Jenkins and Nelson 2005 
p49).  DeWitt and agree commenting that they had observed ‘ girls in particular 
often expressing an affinity for biology-related topics, whilst boys [may] prefer 
physical sciences’(DeWitt et al. 2014 p1623). My brackets 
 
However Osborne also notes that part of this gender picture, and perhaps part 
of the apparent contradictions within the literature, results from the gender 
biased cultural opportunities provided to growing boys and girls who gained less 
experience of science related activity and became relatively more confident in 
other areas as a result.  Osborne argues that ‘ girls’ declining perception of their 
ability may reflect that, as the year progressed, girls perceived themselves to be 
better at other school subjects (e.g. English) and, therefore, not as good at 
science.’ (Osborne 2003 p1063). 
In order to avoid any possible gender bias in the results it was important to have 
a group that contained broadly equal numbers of boys and girls and to ensure 
they were free to choose partners and research question that met their own 
interests. 
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3.5: Overall Implications for the Co-Researcher Project 
 
This literature review of attitude to school science raises seven key areas which 
were influential in designing the Co-Researcher Project.  In summary these are: 
 
 Attitude to School Science in children can be considered as comprising 4 
strands 
o Cognitive belief about the subject 
o Affective response to the subject 
o Self-efficacy in the subject 
o The impact of context 
 Significant Others may be influential on attitude through modelling and 
discourse 
 Socio-cultural factors are an important part of the context 
 The design of the Instrument should address clarity of what is to be 
measured, its efficacy in measuring it and the context within which it is 
measured 
 All findings are context specific and the nature of that context is an 
important aspect of the project design in providing time and support, 
promoting discussion and developing Metacognitive skills 
 It is important to be aware of the image of school science, science 
careers and scientists shared through role modelling or stereotypical 
reinforcement 
 The balance of the group in terms of gender and background may 
influence outcomes. 
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Chapter 4: Literature Review 2: Children as Co-
researchers into their own Science Learning 
 
'For far too long traditional research has not viewed children and young people 
as people in their own right; rather their world is investigated from adult 
perspectives with adults choosing what is investigated.'(O'Brien and Moules 
2007 p387) 
 
During the period of study which created this thesis there has been 
considerable interest in this view and the body of literature on children working 
as co-researchers or actively involved in research, as opposed to having 
research done to them, has developed exponentially.  O’Brien and Moules 
(2007), researching health and social care services, identify three phases to this 
development and relate it to the way we ‘see’ children.   
 
‘Traditional’ research saw children as the objects of research with limited ability 
to express or understand themselves.  The skill of the researcher in this type of 
research, which is typified by work in the scientific paradigm, was to observe 
closely without disturbing or influencing and interpret observations in the light of 
more substantial statistical data.   
 
'For the observational researcher working within these traditions, the less 
subjects are aware they are being studied the better.  The aim of 
researchers is to render themselves invisible to the immature members 
of the human species they want to observe.  Observers may be found 
backed-up against the corner of the classroom or playground, trying to 
ignore children's invitations to join in the game, and kidding themselves 
they can appear like the metaphoric 'fly on the wall'.' (Woodhead and 
Faulkner 2000 p15)  
 
Angrosino and Rosenburg (2011) point to the inevitable influence of all players 
in any context, however hard they try to fade into the background, in terms of 
the expectations of adult /child relationships within that setting generally and the 
influence of characteristics of the researcher such as age or gender on the 
children they encounter.  They argue that the careful integrity of research 
observations must also  ‘be turned on ourselves and the ways in which our 
experiences interface with those of others in the same context if we are to come 
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to a full understanding of sociocultural process.’(Angrosino and Rosenburg 
2011 p470). 
 
Over recent years this has evolved into a second phase epitomised by the 
recognition that only by listening to children’s views could we really understand 
their world.  Children became subjects in their own right, with views and 
perceptions of their own that they could articulate and discuss and over which 
they had control.  Researchers sought for ways to access this world view 
through the use of increasingly complex and varied methods.  One approach 
was to enlist the help of the children themselves to act as go betweens in 
accessing a child’s world view:  
 
'Some researchers have used children to interview other children … so 
aiming to increase the naturalness of the setting.  Children can also be 
used to interview adults so that we can tap the child's views of the critical 
dimensions surrounding a particular topic such as a job or holiday.' 
(Dockrell et al. 2002 p52). 
 
The use of words such as ‘use’ and ‘tap’ when discussing children and their 
views, however, is uncomfortable and gives a residual view of children as 
objects.  As children became more involved other issues arose, such as the 
ethical implications of children asking questions on our behalf and the nature of 
control of the research question, particularly as children began to offer insightful 
comments on the nature of the research and the way it was being conducted. 
(Alderson 2001; Dockrell et al. 2002; McLaughlin 2006). 
 
During a study on children in his class Warren (2002) encountered this kind of 
insight  from a child in a discussion group,  'This seemed an opportunity to go 
beyond the passive participation of the children in data collection attempted so 
far, activities not dissimilar to 'school work' and to invite the children to take on 
the role of researcher, to design research tools, collect and analyse data.' 
(Warren 2002 p127).  
 
This suggestion, that children can work as co-researchers, is the third stage in 
the development of children’s involvement in the research process outlined by 
O’Brien.  As Kirby and Gibbs suggest, 'Increasing children’s participation is 
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fundamentally about improving democracy and developing a more inclusive 
society' (Kirby and Gibbs 2006 p210).  As experts in their own world (Grover 
2004) children should have more say in what should be researched and how 
that research should be conducted.  This is not an entirely new suggestion and 
attention to the level of participation in research of children and other ‘lay’ 
groups has been the focus of much advice and categorisation in the last decade 
with contributions from a variety of researchers in social science (McLaughlin, 
2006; Hanley, 2004; Wilcox, 1994; Kirby, 2004) and in education (Kirby and 
Gibbs 2006; Kellett 2011; Bucknall 2012; Clark et al. 2014).  This period has 
marked a sea change in which it has been increasingly ‘desirable and 
necessary for student voices to be heard and really listened to and for students 
to be consulted on educational matters that affect them’' (Smit 2013 p550). 
Most recently, at the Open University, a Children’s Research Centre (CRC) has 
been developing in which ‘children,  in certain circumstances, lead  their own 
research’ (Kellett 2011 p205) following training in research methods and with 
the support of experienced researchers, their teachers and schools.  This 
innovative way of working has followed one of four models each of which 
includes learning about research, developing the skills to do it and support for 
undertaking their own projects. The models differ in organisation over timescale 
and in whether or not they are approached as an element of the curriculum (ie 
within lesson time), as an afterschool or lunchtime club or as part of a 
residential experience. (Kellett 2011; Bucknall 2012) 
 
Developing this way of working brings into question the relationships between 
adult and co-researcher in terms of mentoring and supporting the co-
researcher’s developing skills and agreeing and modifying the decision making 
process to protect the interests of both roles.  The potential demand on a young 
person of being a researcher within the project is much higher and the impact of 
their potential withdrawal from the research is much greater than where their 
engagement is as a participant. Both of these require careful consideration and 
discussion during the process of setting up the research project.   McLaughlin 
sums this up well when he comments that 'involvement of young service users 
as co-researchers is worthwhile, but [that] it should not be entered into lightly...' 
(McLaughlin 2006 p1395). 
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The idea that a researcher can observe without influencing the situation and 
subjects under observation has been extensively challenged (Angrosino and 
Rosenburg 2011) and the validity of this approach is neither tenable nor, I would 
argue, ethical.  Used insensitively, working with children as research agents 
‘affords researchers and preschool teachers the power to use children and the 
information they give to their own ends'  (Brostrom 2012 p265).  Moreover the 
‘halfway’ stage of engaging children as researching agents also fails to 
acknowledge their potential contribution at a conceptual and expert level or 
manage the ethical issues that such ‘use’ raises.  The Co-Researcher project is 
so named to make clear my intentions to work alongside children taking care to 
manage the responsibility that this brings into play.  The nature of what is meant 
by alongside in terms of participation levels is addressed in the next section. 
 
Development of the Co-Researcher Project. 
In order to study the impact on children working as Co-researchers on their 
science learning it is necessary to organise both the overarching study 
(described in this thesis) and the support for the projects that the CoRs carried 
out.  The literature raises some key points that will be addressed in this chapter. 
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4.1 Participation Level 
 
In exploring levels of participation I have drawn on the ‘ladder of participation’ 
proposed by Arnstein (Arnstein 1969) which describes the involvement of 
citizens in decisions made on their behalf in America and its development by 
Hart (Hart 1992) to explore democratic engagement by children in the light of 
the Convention on the Rights of the Child and in particular Articles 12 and 13. 
Arnstein’s eight rungs of participation modified by Hart to emphasise the locus 
of decision making and reduced to 5 levels by Wilcox (1994) and 3 by Hanley et 
al (2004).   My comparison of these models is given in Figure 4.1 below.   
 
1 Citizen control 
Child Initiated – 
decide with adult 
Supporting User Control 
2 Delegated power 
Child Initiated 
and directed Acting Together 
Collaboration 
3 Partnership 
Adult Initiated – 
decide with child Deciding 
Together 
4 Placation 
Consulted and 
informed 
Consultation Consultation 
5 Consultation 
6 Informing 
Assigned but 
informed 
Information  
7 Therapy 
Tokenism 
  
Decoration 
8 Manipulation Manipulation    
 Arnstein 1971 Hart 1992 Wilcox 1994 
Hanley et al 
2004 
Figure 4.1: Comparison of Participation models  
from (Arnstein 1969; Hart 1992; Wilcox 1994; Hanley et al. 2004) 
 
Both the later models disregard Arnstein’s levels 7 and 8 as not involving 
participation at all, but Wilcox retains Information as ‘the least you can do’ 
(Wilcox 1994) although he notes that information tends to be in one direction.  
This level equates with what is required in all ethical research projects in which 
all participants are given full information about the project so that they can 
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provide informed consent.  The level of information is usually set to enable 
participants to understand the nature and purpose of the project without offering 
any view of ‘likely’ outcomes or ‘moral judgements’ that might influence 
responses.   
All models include a Consultation category where consultation involves sharing 
plans and asking for people’s views. ‘You will not necessarily adopt those 
people's views, but you may be influenced by them.' (Hanley et al. 2004 p8).  
Hart suggests that this can be a valid type of partnership when children 
‘understand the process and their opinions are treated seriously’ (Hart 1992 
p12) but McLaughlin warns that extensive use of consultation, especially when 
no direct result of the opinions and contributions made is evident, can cause 
disillusionment.(McLaughlin 2006). 
 
The next broad category is Collaboration where active involvement ranges from 
contribution to decision making to taking part in aspects of the research or 
dissemination (McLaughlin, 2006; Hanley, Bradburn et al. 2004).  Wilcox divides 
this category in two, to distinguish between deciding and acting together with an 
increase in partnership involvement in the higher level category. 
Hanley’s highest level of participation is User control.  'The key issue here is 
one of power.  In contrast to the consultative and collaborative approaches, 
service user-controlled research locates power and decision making 
responsibilities with the service user.' (McLaughlin 2006 p1399).  Wilcox calls 
this category Supporting, and intends this level of participation to be a key 
moment of handover in providing autonomy for the focus group.  In a research 
context this could involve an adult researcher providing the group with support 
in conducting their own research when they wanted it.  This is Hart’s Child-
Initiated level which is characterised by children identifying the questions they 
want to find answers to, who turn to adults when they want help with the 
process. 
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From these models I have derived my own for the purposes of this research 
project which is given below (Figure 4.2). 
 
 
Participation 
level 
Example in action 
1 Co-researcher 
Co-Researchers raise their own questions and conduct their 
own research with the support of an experienced researcher 
2a 
Active 
Collaboration 
Engaging in a research group to conduct a research project 
2b 
Design 
Collaboration 
Engaging in a research group to develop a research project. 
3 Consultation  
Sharing plans and asking for feedback (without obligation to 
act on this feedback) 
4 Information The level of information needed to support informed consent. 
Figure 4.2:  Participation Level model for Co-Researcher 
Project.  
Synthesis of Participation models from (Arnstein 1969; Hart 1992; Wilcox 
1994; Hanley et al. 2004) 
 
The model above implies that engagement is at a single level, but as Kirby and 
Gibbs point out  ‘levels of decision-making power constantly shift within projects 
and within tasks'  (Kirby and Gibbs 2006 p211).   
I consider that children are acting as Co-researchers when a significant part of 
their engagement is in the Co-Researcher level and all engagement is within 
one of the two Collaboration categories.  In terms of the project reported here, 
Co-Researchers decided on the questions they were investigating  and carried 
out their own projects over which they had full control; my contribution was to 
provide support as needed (Level 1:  Co-researcher).   
They also contributed to my own study with advice, feedback and by negotiating 
the developing structure.  Since they were part of a research group this 
participation characterises Level 2b: Design Collaboration ( and varied between 
Level 2 a & b subcategories at different times).  This engagement style 
resonates with Finlay’s ‘mutual collaboration’ model of reflexivity in that it 
includes recognition of the CoR group as ‘reflexive beings’ and provides ‘cycles 
of mutual reflection and experience’ (Finlay 2001). 
66 
 
By contrast, Level 3: Consultation is exemplified by the feedback provided 
during the assembly in Pilot Study 2 which first alerted me to the potential for 
the Co-Researcher Project.  This feedback was sought as an event, and 
provided as written responses to predetermined questions with no further 
discussion or expectation of a particular outcome. 
 
Any particular level of participation engagement by the children also requires a 
particular type of engagement by adults working with them.  Kirby and Gibbs 
identify 8 such styles of working, from abstainer to doer .   
 
Figure 4.3:  Facilitation roles within participatory projects  
Reproduced from (Kirby and Gibbs 2006) 
The selection of adult role will fluctuate depending on the nature of given work, 
the context and confidence of the child researcher among other things.  It 
requires a commitment from the adults involved to share power in the decision 
making process with the children engaged as co-researchers.  Bucknall 
identifies that this is a new step for the adults as well as the children since it 
means ‘being willing and able to take on a role which is rather different from the 
one they more usually adopt, one which is akin to that of a 'research assistant' 
(Bucknall 2012 p7).  Shier (Shier 2001) identifies three stages in this 
development which he categorises as openings, opportunities and 
obligations. An opening occurs ‘as soon as a worker [child] is ready to operate 
at that level, that is, when they make a personal commitment’.  In this project 
the openings were the moments the co-researchers signed up and the 
opportunity was the provision of time, space and training needed to make that 
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commitment a reality.  This concept highlights the third stage which is the 
establishment of an obligation when ‘it becomes the agreed policy of the 
organisation or setting that staff should operate at this level’ (Shier 2001 p110).  
In this project the school were very supportive of the idea but it will be of interest 
how they build on it to inform further work of a similar kind.  
 
Bucknall (2012) suggests that Participation is only one of seven central themes 
for good practice in enabling children to work as researchers in their own right.  
Her work exploring children’s perceptions of their engagement in CRC indicates 
that power is a central issue since ‘the way in which it is exercised influences 
every aspect [of the programmes,] from the sharing of information and initial 
decision making to the dissemination of the children's research’ (Bucknall 2012 
p12). Power influenced all the other themes that emerged from her study, 
including their voice in the process, their ownership of their own projects and 
outcomes, their influence on the set up and their access to resources (Bucknall 
2012).  These are fundamental themes that resonate with the approach I have 
taken to set up the CoR project and highlight the importance of the adult role in 
recognising the value of the children’s contribution and being willing to share 
power in negotiating at all levels their engagement in research. 
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4.2: Motivation for working with children as co-
researchers 
 
My interest in working in this way results from experiences of children’s insight 
during the two pilot studies, outlined in Chapter 2. Working with children in a 
variety of ways enabled me to see that their insights and perspectives were at 
least as relevant as my own insights, which were unavoidably influenced by my 
own background as teacher, science coordinator and university lecturer.  The 
contrast in perspectives between my own and theirs was illuminating and 
finding ways to understand the differences and make sense of the implications 
became central to my developing methodology.  Moreover I came to agree with 
other researchers (Jones 2004; Kellett 2006) that my area of study was the 
children’s own area of expertise and that exploring their own interests and 
questions about their science education would both provide further insight into 
useful directions for educational development as well as be helpful to them in 
unpicking how they were learning and becoming well informed independent 
learners. 
 
As with any approach to research design, researchers have identified both 
positive and negative aspects.  Arguments for this approach are considered in 
the next section and those against in section  4.4 (Synthesis and Implications). 
 
It could be argued that one alternative to this complicated and potentially risky 
approach would be simply to involve children more in traditional research.  
Here, I believe, the dangers include that of much greater misinterpretation.  As 
Roberts comments, 'since research questions and research agendas are still 
largely the province of adults, children’s narratives tend to be edited, 
reformulated or truncated to fit our agendas' (Roberts 2000 p229).  So more 
traditional research is not necessarily better, and a different approach, which 
enables a broader perspective that represents all stakeholders, is needed.  
Roberts goes on to say that 'It cannot be taken for granted that more listening 
means more hearing, or that the cost benefits to children of participating in 
research on questions in which they may or may not have a stake is worth the 
candle.' (Roberts 2000 p229).  Working with children as co-researchers may 
offer a framework in which they not only have an opportunity to offer their own 
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perceptions on an issue but also to have a say in which issue is discussed and 
offer suggestions for outcomes to improve situations that affect them directly. 
 
There is some evidence of reluctance among teachers to engage with children 
in this way; Lloyd Smith and Tarr (Lloyd-Smith and Tarr 2002) report two such 
studies.  This general resistance may in part be due to reluctance to accept that 
children have valid opinions to offer (Lloyd-Smith and Tarr 2002) or to a ‘fear of 
anarchy’ or of ‘children criticizing teachers’ behaviour’ (Cox and Robinson 2008 
p460).  Teachers are also professionally responsible for children’s wellbeing 
and educational progress and therefore, particularly within formal learning 
sessions, feel uncomfortable in delegating to their pupils.  Whatever the 
concerns, Bragg argues that they need to be acknowledged and addressed 
within the context of the research to enable the best and most sustainable 
outcome for all (McMahon 2012).  This is an additional complexity that cannot 
be ignored and adds to the argument that working with co-researchers ‘is 
worthwhile, but that it should not be entered into lightly...'(McLaughlin 2006 
p1395). 
 
In my view the positive benefits of working closely with children as co-
researchers are well balanced between the potential educational benefits to the 
children in terms of metacognition and personal voice and the potential 
research benefits in terms of validity and richness of data.  But the latter would 
not be entertained if I did not believe that ‘"thinking about thinking" has to be a 
principal ingredient of any empowering practice of education.' (Bruner 1996 
p19). 
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4.3: Impact of working with Children as Co-
Researchers:  
 
'The growing literature on children as researchers suggests that children are an 
under-estimated, under-used resource.' (Alderson 2001 p150) 
Smit (Smit 2013) suggests that motives for enhancing children’s participation 
fall into four categories:  legal, social, innovative and pedagogische. These 
broadly fit into two main areas which will be explored in more detail in the 
following sections: 
Impact on the research process (Section 4.3.1):  Smit’s third and fourth 
categories:  ‘Innovative motives, which emphasise that students have relevant 
insights’ and ‘pedagogsiche motives, which emphasise that teachers – out of a 
genuine belief in their potential – should invite students to contribute their own 
opinions and ideas’ (Smit 2013 p553) are relevant here. The potential benefit to 
research being that of accessing children’s expertise, their insights into what 
might be the most meaningful studies and their contribution to disseminating the 
outcomes in powerful ways., Innovative motives, 
Impact on the children (Section 4.3.2):  in terms of accessing their rights to 
have their say and be heard, gaining confidence and esteem, developing 
relationships with peers, adults and schools, developing particular generic 
personal and specific skills, and attaining perspective and reflection on their 
lives, learning and the value of research.  These relate to Smit’s first and 
second categories, those of ‘Legal motives, which emphasis children’s rights to 
participate’ and ‘Social motives, which position it as a first real-time event on the 
path toward citizenship and democracy’ (Smit 2013 p553).  McLaughlin also 
adds one more to the list – Impact on the adult researcher 
He argues that this is not only in terms of understanding of the research itself 
but also in comprehending the relevance of research to young people’s lives 
and the values and priorities that they would attribute to it. (McLaughlin 2006). 
 
4.3.1: Impact on the research process: 
 
Edwards (2004) claims that Educational research has a particular responsibility 
to remain closely linked to practice and to work towards ‘improving the life 
chances of learners’ in order to do this she argues that the engagement of 
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children has much to offer:  ‘Educational research is therefore likely to benefit 
from  the participation of users in formulating research questions' (Edwards 
2004 p260). 
Enlisting the assistance of children in researching their peers has many 
potential benefits not least of which is they are in a stronger position to both 
engage their peers openly and offer a different perspective to understanding the 
results (McLaughlin 2006; O'Brien and Moules 2007).  It is commonly accepted 
that the relationship between researcher and participants influences the 
answers given to research questions and educationalists acknowledge that 
children work differently with their peers than with adults.  It follows that children 
will give different answers to peer researchers and that as part of a study this 
might enrich the data captured.  Brostrom reminds us that this can be a ‘double 
edged sword in that there is a danger that ‘If children find it more difficult to 
refuse to answer questions from a peer than from an unfamiliar adult 
researcher, they may feel pressured into participating.' (Brostrom 2012 p265) 
which would go against one of the key principles behind the trend.  The solution 
is in the careful preparation of children engaged in research to be ethical 
themselves in conducting their enquiries. 
In the CoR project there was an initial phase of ‘research training’, a substantial 
part of which focused on ethical and power issues to ensure that the co-
researchers were very aware of the power issues at stake.  There were 5 
projects going forward at all times:  4 that belonged to the Co-Researchers 
themselves and my own overarching project looking at the impact of engaging 
in them.  All discussions were captured at the time of the sessions and I noted 
contributions to discussions that raised questions for me about what was 
happening overall.  However, their contribution to my own research was much 
more profound than this implies, they were the group with whom I discussed 
and planned the project, they influenced the design of each session to meet 
their developing needs as researchers and so the data collected was as a direct 
result of their own influence.  
 Whilst it does not inevitably follow that the researching children’s findings are 
better communicated to the research community their attempts are likely to 
enrich the dialogue.  Jones goes further arguing that ‘knowledge about children 
is incomplete unless it takes into account the knowledge that children have of 
themselves’ (Jones 2004 p144).   Woodhead and Faulkner (2000) agree that 
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the children’s contribution is of huge benefit to the quality and scope of research 
findings but only when ‘their perspectives, views and feelings are accepted as 
genuine, valid evidence’ (Woodhead and Faulkner 2000 p31).   The Co-
Researchers had ownership and prime voice within their own projects of course 
and presented their own findings themselves, but they also have a voice within 
my project since the interpretation of the findings were discussed and checked 
with them and their words are used to explore and illustrate findings. 
Kellett (2005) believes that traditional adult led research must be adapted to find 
‘better ways to seek out child perspective and unlock child voice’ (Kellett 2005 
p2) if progress is to be made in this area.  One issue raised here is the 
ownership of the research itself.  In most research this ‘ownership’ rests firmly 
with the adult researcher conducting it so that the children involved contribute 
but at a lower level.  In my project I wanted to balance this more precariously 
and attribute ownership to all parties for their own part of the project;  Co-
Researchers owning their own projects and myself owning my own research 
into the impact of this on them.  This inevitably brings complications and I was 
mindful of the dance that we enacted whereby I provided advice and support to 
them for their research but balanced this with needing their advice and support, 
in different but equally important ways, for my own.  In this way I hope to have 
provided some equality in the Co-Researcher team as we each conducted our 
parallel research projects. 
 
Increasingly the emphasis is on actively listening to children’s views (Roberts 
2000; Grover 2004) and that this neglected aspect of research has in a very real 
sense disempowered children on the grounds of protecting them from potential 
distress. (Greig and Taylor 2002). 
Whilst this approach has ethical implications in terms of the increased potential 
invasion of privacy, the benefits to research validity are undeniable.  Alderson 
argues that children inevitably know more about childhood than do adults 
(Alderson 2000) and working without their insight could be likened to 
deliberately working in the dark. There is a question here of perspective and 
consciousness; it is not always true that the most immersed in a situation 
understand that situation best and in some cases time to reflect on experience 
(such as adult researchers have through growing up!) may offer insights 
unavailable to those currently experiencing it.  It is certainly true, however, that 
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the felt experience is necessary to gain insight and that the impact of being in a 
situation can fade once that situation is past, in this way children who are 
conscious of the experience of school in a reflective way may provide a useful 
contrasting insight and this insight not only is valuable, it deserves to be heard.  
‘In the worst case scenario ‘adult-centric research can silence children’ 
(Alderson 2001 p140). 
 
As Kellett and Ding (2004) suggest 'the more children are given a primary 
research voice, the less adults will be required to 'interpret' their worlds' (Kellett 
and Ding 2004 p172).   
Researchers who are children may be better placed to ensure that this is the 
case and in particular to ensure that the right questions are asked (Jones 2004; 
Dockett and Perry 2007) and that interpretations of the data reflect the concerns 
and world view of their own peers (Lloyd-Smith and Tarr 2002).  It seems 
paradoxical that the questions asked are asked by adults first without recourse 
to any advice from these key players.   The most important questions must 
relate to the needs of the children at the centre of the situation and if they are 
not asking the questions themselves (Christensen 2004) I am prompted to ask 
whether from, their perspective, we are asking the right questions and what 
questions they would ask if they were in a position to do so.   
 
In order to identify key research questions children need to be at the heart of 
research design so that they can ‘identify research issues and questions 
overlooked by adult researchers' (McLaughlin 2006 p1400). Involvement at this 
stage has additional benefits in ensuring that not only the angle of enquiry is 
relevant but also that the language used is appropriate for the participants in the 
study both in terms of data collection and ultimately dissemination of results 
(Lloyd-Smith and Tarr 2002; Jones 2004; McLaughlin 2006). This was a central 
part of the CoR project:  the Co-Researchers raised their own research 
questions, collected their own data and interpreted their results.  A discussion 
about how much these contribute to our understanding of their learning is 
included in Chapter 7. 
 
McLaughlin argues that research that has been undertaken and understood by 
a research team that includes children, benefits in that the research outcomes 
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are more easily discussed and presented to the relevant audiences.  Children 
talking about research findings relating to their own situations carry immediate 
relevance and a persuasive voice (McLaughlin 2006).  McLaughlin also notes 
that children empowered in this way to take ownership of the enquiry process 
are more likely to continue to discuss issues and may be well placed to 
convince ‘organizations to question their traditional ways of working.' 
(McLaughlin 2006 p1401).  The idea that a research team is enriched by 
including children is persuasive, not just for the potential to include an authentic 
voice to convince an audience, but also because the perspectives of the 
researchers are necessarily broadened by the inclusion of any group with a 
different experience and background.  The same results may be interpreted 
differently by adults and children and hence a broader range of possible 
interpretations may be highlighted and discussed on the road to arriving at 
meaning.  In the Co-Researcher project, discussion of all projects was a regular 
part of the process and how to disseminate findings of high importance to all 
involved. 
 
Whilst this section has identified potentially highly desirable benefits which 
could strengthen aspects of research and research outcomes, research ethics 
demand that children should not be engaged in research in any way without 
strong evidence that they will benefit too, not only in improved research results 
which relate to their own experience but also for themselves as individuals in 
real terms.  Roberts (2000) notes that we need to explore further the benefits for 
children working in this way to ensure that their participation is truly in their 
interests. (Roberts 2000) 
 
4.3.2: Impact on the Children 
 
Exploring the relationships between researcher and researched, adults and 
children and all permutations therein is highly relevant in a changing society.  
The resulting discourse highlights the right of children to contribute through their 
own research to the body of knowledge about children and childhood.   The UN 
Convention on the Rights of the Child (Nations 1989) identifies the right of a 
child to seek, review and impart information, to express their views freely and 
for their views to be given ‘due weight’ within the scope of their ‘evolving 
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capacities’ without discrimination [articles 12, 13, 5 & 2] and of course with prior 
concern for their ‘best interests’ [article 3] and ‘right to be safe’ [article 19].  
Lundy unpacks this in the figure reproduced below (figure 4.4).  She identifies 
four elements necessary to implement Article 12:  provision of space, voice, 
audience and influence and clarifies that this entails two stages – ‘the first stage 
is ensuring the child’s right to express a view’ and ‘following on from this is the 
child’s right to have the view given due weight’ (Lundy 2007 p933).     
 
 
Figure 4.4 Conceptualising Article 12 
Reproduced from Lundy (Lundy 2007) 
 
This is a strong argument for representation within research teams of children 
whose interests and opinions are relevant to the research question.  Many 
researchers see the involvement of children in research as a natural outcome of 
the spirit and intent of the convention. (Alderson 2001; Dockrell et al. 2002; 
Grover 2004; Roberts 2004; McLaughlin 2006; Lundy 2007; Bucknall 2012; 
Kellett 2014). 
 
However, it is not sufficient to merely allow children to be part of the research, 
there are also power issues to be resolved (Fraser et al. 2014) and in a school 
context these are complex since ‘in schools the balance of power is heavily 
skewed towards adults’ (Jarvis and Pell 2002 p91).    In particular empowering 
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children through engagement in research involves ensuring that they 
understand the voluntary nature of their engagement and have due control and 
authority within the research process.  'A critical issue in the involvement of 
children in interpreting findings is the authority given to the child's voice.' (Jones 
2004 p125). This is equally true of both very young children and also of those 
on the verge of adulthood.  Grover notes that even adolescent children’s 
involvement in research can be largely superficial and that their views on 
research focus, ethical issues and particularly on the interpretation of data and 
implications for their own circumstances are seldom sought (Grover 2004). 
Without such involvement children are not only excluded from their rightful 
involvement but risk misrepresentation and disempowerment, a double risk that 
not only reinforces an unhelpful child /adult divide but also contributes to the 
potential for disillusionment and disengagement in adult concerns (Woodhead 
and Faulkner 2000; Greig and Taylor 2002; Grover 2004).  Bucknall notes that 
‘if conditions are unfavourable, CaRs initiatives which set out to empower 
children as social researchers can, instead, leave children feeling excluded, 
disempowered and disengage’  (Bucknall 2012 p19),exactly the opposite of 
what society might wish.  Dalli and Te One advise that effective research with 
children requires a proactive approach in which ‘creativity, sensitivity to the 
children's point of view and a willingness to relinquish the traditional position of 
power-holder' (Dalli and Te One 2012 p231) were key principles. 
 
Working with children as co-researchers undoubtedly involves particular 
attention to the organisation of the research, which is good practice in all 
research, but especially problematic when working with a diverse group of 
researchers.  As Christensen and Prout suggest  'an important question 
therefore is the need for researchers to consider ways to enable children to 
protect their own interests through the research.' (Christensen and Prout 2002 
p489).  When working with co-researchers ‘there is also a risk that we might 
forget that involving children in research or consultation may have unanticipated 
consequences and may not always lead to the expected outcome for the 
children involved in the process’. (Cree et al. 2002 p54).  In particular the care 
taken to engage children’s interest in the research, ensure they fully appreciate 
the demands of taking part and are in a position to consent to be involved and 
obtain all the necessary consent from parents, carers and educators will take 
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time (McLaughlin 2006) but this is time well spent.  Moreover, as McLaughlin 
points out  'The rhythms of young people's lives are different from those of adult 
researchers’ (McLaughlin 2006 p1404) and this makes involvement of a good 
number prudent in case some decide as the study continues that other interests 
are more appealing.  He also suggests that compensating them for their time 
might be advantageous but here I do not agree unless they are employed 
elsewhere and would therefore lose earnings by taking part since compensating 
changes the dynamic and muddies the motivation for taking part.  If the 
research project is not of intrinsic value to the co-researchers it is not well 
designed and its continuation should be reconsidered.   
Within the Co-Researcher Project the children applied for a place on the project 
and I was at pains to ensure they were clear that they were able to withdraw at 
any time.  Dockett highlights the difficulty in ensuring that this consent is 
genuine in a school setting where invitations to participate in activities may be 
perceived by children as educational directives (Dockett 2012).  My approach 
was to clarify that I was not acting in the role of a teacher but as a researcher 
and position the project as outside their core education.  The school valued the 
project highly and there was potential conflict between their understanding of its 
value (which was necessary intrinsically) and the children’s ability to drop out 
should they want to.  The project was planned to run through lunchtimes in the 
summer term and when the weather was fine there might be tensions between 
working on the project and being outside.  We managed this between us by 
varying the timing of the sessions to fit around other activities and by my 
constantly checking that they did indeed want to complete the project.  
A very important principle for me was the status of the co-researchers in the 
project and that their contribution was of equal value to that of any adults 
involved.  Where the stated aims are those of equality but the reality falls short, 
the potential for real harm in terms of disillusionment is considerable and the 
responsibility that this raises should not be taken lightly.  A study where ‘the 
young co-researchers are likely to suffer a loss of self-confidence and self-
esteem, resulting in a negative view of research' (McLaughlin 2006 p1405) is 
harmful to more than its team of co-researchers.  My role in this project was 
complex in that I had a key role as an adult in negotiating with an adult led 
setting – the school.  Their role was also complex in that they led their own 
projects autonomously but also had roles within their own peer groups, classes 
79 
 
and the school as a whole.  As a team we discussed these roles and agreed 
that we should all lead and organise our own projects and support each other in 
leading and organising theirs.  By operating as a team we could each contribute 
differing strengths and connections from our individual backgrounds and had 
equal rights to draw on that expertise within that team as and when needed. 
 
The second implication from Article 12 as unpacked by Lundy (Lundy 2007) is 
that of audience and influence.  It is perhaps more than usually important that 
research undertaken with co-researchers has a tangible and timely impact to 
ensure that the co-researchers can track.  This should be at a local level within 
the context of the research as well as through dissemination (Griesel et al. 
2004).  Dalli and Te One note that 'Being critical about who benefits from the 
research require(s) researchers to think beyond the final report or thesis to 
ensure that ethical practices extend to the phase of dissemination of results.' 
(Dalli and Te One 2012 p232) 
In the co-researcher project, the headteacher and science team had indicated 
at the outset their interest in the project and indeed offered some areas they 
would like to know about, but the final questions were nevertheless in the hands 
of the co-researchers themselves.  Opportunities to share outcomes at a school 
level were built in from the start and we also discussed early on other 
dissemination opportunities for a wider audience 
 
On the positive side, involvement in research supports children’s development 
towards engagement in the big issues, encourages a sense of responsibility 
and highlights a belief in their capacity to make changes and impact positively 
on a society that values and recognises them.  This can only happen when they 
have control over the nature and content of the research they are involved in, in 
other words when they participate at a level of full collaboration (Hanley et al. 
2004).   
 
Christensen (2004) identifies three relevant themes when doing research with 
children.  The first concerns the nature of conversations and communications 
with them and the second recognizes the importance and influence of the 
researcher ‘persona’.  How I present myself as a ‘stranger’ researcher at the 
start of the process, she argues, will affect the nature of their participation and 
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contribution and moreover interactions are likely to change in nature over time 
as this relationship becomes more familiar.  This is a timely reminder when 
considering children’s rights in conducting research but her third thread is even 
more relevant as it considers the locus of power in the research process. The 
traditional adult child – relationship, which is ‘normally based on unequal power 
relations between the generations,’ (O'Brien and Moules 2007 p397) may be 
further exaggerated in a researcher - researched relationship (Christensen, 
2004;).  Christensen argues 'for a move away from seeing power as residing in 
people and social positions towards viewing power as embedded in the 
process, that is in this case the 'doing' of research’ (Christensen 2004 p167).  
The idea that children can step up to embrace a more equal balance of power 
when enabled to by a careful approach to a research relationship is a useful 
starting point when engaging in research with children, although maintaining it 
in a highly structured and power rich environment such as a school is likely to 
be challenging.   Kellett (2014) argues that it is essential that we are proactive in 
establishing a more equitable power balance and that ‘creating space for 
children to exercise voice is an essential part of this process’ (Kellett 2014 p27) 
 
By engaging in both roles (researcher and researched) and gaining ownership 
of the questions asked and the developing understanding of the results through 
analysis, the potential to blur these traditional roles can be attempted and it is a 
feature of this study that these relationships are challenged and changed in the 
context of the research setting.   
 
A number of studies report benefits to young people engaged in research in 
terms of confidence, communication skills and metacognition (Alderson 2001; 
Griesel et al. 2004; McLaughlin 2006; Mann et al. 2014).  Some of these include 
research with under-represented or potentially disadvantaged groups and are 
centred around self esteem issues and a sense of belonging.   They are not 
limited to individuals and in some cases the emotional climate of the school 
undergoes a marked change (Griesel et al. 2004).   
 
Research by its very nature involves looking more closely at a given situation 
and trying to establish a new or multiple perspectives, which can have a 
profound impact on the researcher, their understanding of the situation and their 
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motivation and engagement within that setting.  In one study their engagement  
‘had sensitized them to the plight of the urban environment, drawn their 
attention to the place and the role of others in their lives, and made them self-
confident if not assertive’ p290 (Griesel et al. 2004 p290).  Studies with young 
people using social services or care indicate that the process itself can ‘enable 
young service users to actively participate in issues affecting their own lives and 
those of their peers.'(McLaughlin 2006 p1401)  
 
Success in completing this kind of research seems to raise self esteem in terms 
of increasing confidence in their own ability to have an impact (Griesel et al. 
2004).  McLaughlin (2006) notes that 'the very act of being involved in research 
can increase confidence, self-esteem and the belief that young service users' 
views matter' (McLaughlin 2006 p1402) and that this is especially evident when 
their participation is on the basis of shared responsibility. 
 
A number of researchers have also noted educational benefits for children 
working closely with a research project, these claims range from the general 
impact on self esteem, motivation and confidence to the development of specific 
skills.  Kellett (2005) argues that working closely in educational research offers 
children opportunities to 'engage with a subject in great depth' (Kellett 2005 p1) 
whilst the process of dissemination 'sharpens writing, communication and 
organizational skills.'  and contributes to 'the enhanced learning that occurs 
through motivation and ownership.'  (Kellett 2005).  Lloyd Smith and Tarr (2002) 
noted that working in this way provides opportunities for the children to 
demonstrate their abilities in a different context which, in this case, affected how 
they were perceived by their teachers.  They comment that in one such study 
'teachers came to value highly the pupils’ views and found their attitudes 
towards them changing’ (Lloyd-Smith and Tarr 2002 p61). In another study the 
same authors also noted that the children had developed enhanced ownership 
of the education process through contributing to its design, as a result of this 
engagement the children demonstrated an increased responsibility for their own 
learning. Additionally, Mann, Liley et al (2014) note that there are wider benefits 
in that 'One of the impacts of the research process on young people is that the 
core skills of being sceptical, systematic and ethical help them in all aspects of 
their lives’ (Mann et al. 2014 p301) 
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Working as a co-researcher offers extended opportunities to discuss issues that 
are defined by the children themselves as important.  This not only empowers 
them to take ownership of the problem and co-construct their own 
understanding but necessitates a deep level discussion between them, 
something that Smith (Smith et al. 2009) identifies as closely linked with 
improved understanding.  Since I agree with Schibeci and Lee that ‘the 
development of an 'informed, critical perspective' may be the hallmark of the 
'scientifically literate’ person’ (Schibeci and Lee 2003 p189), providing children 
with this kind of opportunity is perhaps the strongest educational argument of 
all.   
 
Kellett also claims that working in this way may help 'develop creativity, critical 
thinking skills and analytical capability' (Kellett 2005 p1). These higher order 
skills have been closely linked by other researchers (Shayer 1999),  (Galton et 
al. 2003) to gains in attainment and are an intrinsic part of the development of 
mature learners and informed citizens with a degree of scientific literacy that is 
increasingly seen as a central goal of education. 
 
The key potential educational gains for working in a Co-Researcher Project that 
emerge for me are closely linked with the earlier discussion on participation 
levels and the ownership of the research question as well as recognition, at a 
meaningful level of the importance of the findings.  Within the CoR Project it is 
important that the school not only supports the project in principle but also pays 
attention to the issues raised and acts on the advice these young people 
provide.   
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4.4: Synthesis and Implications 
 
As with all approaches to research there are specific considerations that need 
attention when working with a particular research model and the involvement of 
children makes getting these right all the more important.  Alderson (2001) 
recognizes that  ‘For professional researchers to work with child co-researchers 
poses extra ethical and scientific questions.’ She identifies these as centering 
on: Terms of involvement - equality, information, responsibility; Intervention for 
support and/ or control; Avoiding exploitation; Involvement of parents or 
teachers. 
These key ethical headings are explored in more detail in the methodology 
chapter but there are other considerations relating to the value of children’s 
contribution to the research process that are more relevant here. 
 
The majority of drawbacks commonly associated with working with children as 
co-researchers are identified with the competency of the children themselves.  
Kellett (2005) outlines these as falling into three broad categories: 
they are too young to be competent,  
they lack the knowledge of the research area   
they do not have the skills necessary to undertake research (Kellett 2005). 
However on further scrutiny these apparent barriers are not insurmountable and 
indeed may be overstated.  We have already acknowledged that children have 
a particular and useful perspective on children’s learning and childhood so that 
the knowledge argument cannot hold.  As for competence, Kellet comments 
that ‘Adult researchers have noted their surprise at children researchers' 
competence’ (Kellett 2005 p253).  This is certainly  borne out within my own 
experience of the pilot studies and is also reported by O’Kane working with 
looked after children (O'Kane 2000). 
 
The practice of considering children as lacking competence to think about their 
own experience is now routinely challenged and with appropriate support 'The 
child no less than the adult is seen as capable of thinking about her own 
thinking, and of correcting her own ideas and notions on reflection - by 'going 
meta' as it is sometimes called.'(Bruner 1996 p57).  However there are some 
pitfalls that any naive researcher might fall into such as identifying too closely 
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with their participants or failing to interrogate answers deeply enough especially 
when these concur with their own preconceptions or understandings (O'Brien 
and Moules 2007) (Alderson 2001).  Alderson notes, however, that ‘shared 
knowledge can be an advantage’ (Alderson 2001 p140) and in this context 
working alongside young co-researchers on parallel projects enables the 
development of a ‘devils advocate’ approach within the team, where all 
researchers challenge assumptions and pose alternative interpretations as part 
of regular debates and discussions.  
 
This approach resonates with Alderson’s suggestion that our approach matters 
too and that by adopting a ‘partnership approach’, in which differing skills are 
acknowledged and pooled, and asking children how to proceed ‘new theories 
and methods for research’ can be developed (Alderson 2001).  Children are 
used to rethinking their ideas, they are commonly asked to throughout their 
education, and this skill can be adapted to the research format effectively with 
support.  Indeed children are very capable of surprising us with their mature and 
responsible approach when given a forum in which their views and decisions 
are valued and ‘matter’ in a real sense.  During her work with children in care 
between 8 and 12 years of age O’Kane (2000) undertook a diamond ranking 
exercise to find out what they felt was most important in taking part in a decision 
making process.  All the groups responded with ‘to be listened to’ as the most 
important and ‘to get what I want’ as the least important.  This placement of 
cards in the diamond ranking exercise  'presents a challenge to perceptions of 
children commonly held by adults, that children are out to 'get what they want'.' 
(O'Kane 2000 p149).  I believe that this is more generally true of children than is 
commonly understood and that having opportunities to formulate and share 
their opinions, knowing that those opinions will be valued as important and 
considered within the decision making process, is an important milestone for 
them. It follows that children are more likely to share their ideas if they feel 
these are valued and hence that 'researchers need therefore to find ways of 
engaging with the child or young person, in order to build a relationship where 
respect, openness and a genuine intent to listen is evident.' (O'Kane 2000 
p151).   
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Warren (2002) identifies the need to allow time to plan, to ensure that the 
children had the skills necessary to create the data collection tools needed and 
to analyse and interpret the results. There are complicated issues to think 
through; issues around the relationships involved in this new way of working, of 
asking children to be ‘both insider and outsider, to be simultaneously 
passionately engaged … and yet somehow disengage themselves' (Warren 
2002 p130).  However as Kellett observes the ‘barriers to empowering children 
as active researchers are not centred on their lack of adult status but their lack 
of research skills’ (Kellett 2009 p399). 
 
Just like an adult learning to be a researcher, children engaging in research in 
their own right need training.  The training is of vital importance, as it would be 
for any researcher so that participation can genuinely be on equal terms.  
Consideration for all aspects of support will need full discussion with the team, 
and again this will add to the time taken over the research project (McLaughlin 
2006).  However once the skills are acquired the benefits are also very real and 
researchers who have worked in similar ways are commonly encouraged to do 
so again.  ‘Adult researchers note their surprise at child researchers' 
competence, and describe plans to do more complicated work with children as 
well as to work with younger children in future' (Alderson 2001 p151). 
 
The Co-Researcher Project was designed to address these issues of time and 
training through 4 sessions at the beginning of the project which are outlined in 
the Methodology Chapter.  Each of these contextualised the relevant skills and 
discussions through developing their questions and approaches to exploring 
them.  In each session time was allowed to review past sessions, enable 
discussion and exploration of the new concepts approached and practice skills 
such as interviewing or analysis.  This was a steep learning curve, matched to 
the ability of the children in the project and designed to work as a spiral, building 
on previous sessions and revisiting earlier concepts as they recurred naturally 
in the developing research projects. 
 
Given the potential educational benefits and attitude change implied in this 
chapter I was interested to know what implications for Co-Researchers there 
might be in terms of their attitude to school science as well as other potential 
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consequences.  I was also interested in the suggestion that children might be 
the real experts in childhood and therefore the best placed to raise research 
questions as well as answer them.  Finally, I am mindful of the need for children 
working in this way to see the impact on their own education setting or their own 
learning.  From these considerations I have developed my own over-arching 
questions for the Co-Researcher Project as follows: 
 
Research Question 1: How might working as a co-researcher impact 
on attitude to learning science? 
Research Question 2: What are the consequences for children in 
terms of understanding of science or research, of attitudes to learning 
etc? 
Research Question 3: What do we find out about good school science 
(from co-researchers’ own studies)? 
Research Question 4:  How does the school build on this via further 
student research? 
 
The questions that the Co-Researchers explored were of course their decision 
and will be discussed later on in Chapter 6.
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Chapter 5: Methodology  
 
Introduction:  framing the research to address the research 
questions. 
Research Question 1: How might working as a co-researcher impact 
on attitude to learning science? 
Research Question 2: What are the consequences for children in 
terms of understanding of science or research, of attitudes to learning 
etc? 
Research Question 3: What do we find out about good school science 
(from co-researchers’ own studies)? 
Research Question 4:  How does the school build on this via further 
student research? 
 
The nature of the research questions derived from my own prior interests and 
emerging through the literature is central to the design of the CoR project.  In 
order to explore how working as a co-researcher might influence their attitude to 
learning science (Q1) the CoR project needs to review the relative development 
of attitude in the Co-Researcher group compared to their school cohort and look 
to unpick any differences in order to understand what might have been key 
influencing factors.  The attitude scale, developed in Pilot Study 1 was used as 
a comparative instrument to plot attitude change over time.  Additionally, 
particular care to note influences throughout the project through comments 
offered and decisions made was taken and checked at regular intervals.  The 
projects themselves remained central to the whole project to retain authenticity 
and the confidence of the group and so an empowering and enabling stance 
throughout was essential.  An analysis of the Co-researcher projects coupled 
with relevant comments as these developed gave an indication of any 
implications for ‘good school science’ (Q3).  
The other main strand of the project was to assess the overall impact of working 
as a Co-Researcher in terms of understanding of science, research and 
learning generally (Q2), to capture this a sensitive and flexible lens was needed.  
The use of multi grounded theory approaches was therefore indicated and this 
will be discussed in more detail later in this chapter.  One key implication from 
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the literature review was the importance of impact from the Co-Researcher 
projects.  Built into this project was the interest of the school in the outcomes 
and opportunities for the Co-Researchers to discuss them with the school 
science team and senior leaders.  It was also intended that the dissemination 
would include a national conference at which they could all present, in the event 
they were barred from doing so personally although they were allowed to submit 
posters.  A review of how the school, in particular responded to these events 
was also undertaken to address the final research question (Q4) 
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5.1 Methodology Part 1: Methodological Discussion 
 
5.1.1: Paradigm and Methodology parameters. 
 
Since the research planned focuses on understanding the co-constructed reality 
of the team of Co-Researchers (including myself) within a real world setting (the 
school) it is conceived as falling within the constructivist paradigm which 
recognises multiple realities, that relate to personal and group perspective, and 
co- constructed knowledge.   
 
Radnor suggests that ‘all social research is a form of participant observation 
because we cannot study social life without being part of it.’ (Radnor 2001 p49) 
and this view is supported widely (Wenger 1998; Scott and Usher 2000; Brewer 
and Hunter 2006). The nature of participation in any social setting has its impact 
on both the participator and the community within which they participate 
(Wenger 1998) and this impact should be noted and taken into account when 
analysing the forthcoming data.  In the case of my research, my involvement 
with the co-researchers is multi layered; leading the interventions, supporting 
their own research, mentoring and facilitating and over-viewing their progress.  
It would be impossible to assess the project without assessing the effect of my 
part in it. 
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5.1.2: The project as a case study  
 
The specific approach is that of a case study in that the project considers a 
defined boundaried case both in terms of time period, focus and participants.  
The project satisfies Flyvbjerg’s 4 criteria (Flyvbjerg 2011) for defining a case 
study which are that:  
It is an individual unit of study within a boundary;   
It involves an intensive approach;  
It shows a development over time;   
and finally that it takes full consideration of the context. 
 
A research study becomes case study when there are clear boundaries to the 
project and in the CoR project this is satisfied in terms of the timescale of 
initiation, the planning of the interventions, the timescale and design of the co-
researcher research projects including their writing up and dissemination and 
also in terms of their engagement in the project as distinct from their school and 
social life.  'Though social actors within these boundaries also have experience 
outside them, the boundaries are well enough understood to constitute the 
object of enquiry as a 'case'. (Scott and Usher 2000 p87). During analysis, each 
individual Co-Researcher is considered as a case in their own right in order to 
provide a richness of data and description and to provide useful comparison 
between cases as well as intra case completeness.   
 
Over the course of the project the intensity of the study varies in keeping with 
the stage of the development of their own research, the interventions at the start 
allow for very detailed and rich data collection which naturally develops into a 
more reflective and discursive style as they move through the stages of their 
research projects.  At times the sessions are necessarily practically based and 
discussions centre on the needs of their thinking about the projects but regular 
points are included that allow opportunities to stand back from the detail and 
look at the overview and impact on their general thinking and learning.  In this 
way the project aims to illuminate the particular case in a way that favours 
reliability of data over generalisation to a wider population, presenting instead  
‘a unique example of real people in real situations’ (Cohen et al. 2007 p289). 
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Additionally, the data collection methods used are designed to capture the 
experience from the viewpoint of the co-researcher team (including me) in the 
main part with triangulation from other actors in the immediate social setting.  
The use of a range of such qualitative methods as primary data collection 
techniques is also characteristic of a case study approach. (Scott and Usher 
2000; Cohen et al. 2007) 
 
Flyvbjerg (Flyvbjerg 2008) identifies five common criticisms of case studies that 
are used to suggest it is at best a weak form of research design, he argues that 
these issues of ‘theory, reliability and validity’ (Flyvbjerg 2008 p391) are 
misunderstandings rather than insurmountable obstacles and that a mixed 
economy that includes detailed and subjective accounts is essential in deriving 
theory in many circumstances.  I will return to discuss reliability and validity later 
in this chapter but here focus on the development of theory from a case study.   
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5.1.3: Development of theory: 
 
Within the five criticisms of case study identified by Flyvbjerg the issue of 
generalisability is a key concern.  Since general, theoretical knowledge has 
traditionally been considered as more valuable than that localized in a particular 
case, a case study could be viewed as fundamentally flawed unless it were 
possible to generalize from it – which would be problematic since it is designed 
to be context specific.  This circular concern is predicated on the first 
assumption – that general theoretical knowledge is the fundamental aim.  The 
recurring need to generalise requires an examination of what is gained by doing 
so.  Generalisation, generally, implies that by gathering enough examples a 
broader understanding of the population as a whole is derived, but this 
understanding is by its very nature so broad as to be almost useless at the 
individual levels.  More useful is an example that demonstrates by its rich detail 
an example of a particular situation governed by understood and defined 
contextual factors.  This requires a bottom up approach of theory building which 
looks at theory as something derived from an example and tested against other 
views and other examples so that theory is built from within a case by 
examining ideas, themes and strands in the data as they emerge.   
 As Flyvbjerg points ‘predictive theories and universals cannot be found in the 
study of human affairs.  Concrete case knowledge is therefore more valuable 
that the vain search for predictive theories and universals.’ (Flyvbjerg 2011 
p304).  In the CoR project the aim is to explore the impact of working in a 
particular way with particular people in a particular setting in the first instance, 
and then to consider what , if anything, of this could be predictive for others with 
similar or different characteristics, working in similar ways in similar settings.  
The selection of the sample for case studies is important here and will be 
considered in section 5.2.3: Identification of Co-Researchers.  
 
Brewer and Hunter (Brewer and Hunter 2006) advocate a multi method 
approach to social research which they call a fifth research style.  At a time 
when qualitative research is seeking greater respectability in the research 
community they offer a multi method approach to address common criticisms 
and increase the robustness of research findings.  ‘the most common criticism 
of social research are that non-field studies tend to be artificial and overly 
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simplified, that non-survey research tends to be weak in generalizability, that 
non-experimental research lacks causal precision and that reactive methods are 
prone to reactive error and are restricted to cooperative subjects and 
contemporary events’....(Brewer and Hunter 2006 p34).  By employing a multi-
method approach Brewer and Hunter argue the differing strengths of individual 
methods overlap and compensate for individual weaknesses. ‘employing 
different types of methods helps to guard against and to correct for inherent 
methodological biases,  (Brewer and Hunter 2006 p37).   
 
Brewer and Hunter argue for mixed methods from within a positivist approach 
but Teddlie and Tashakkori (Teddlie and Tashakkori 2011) argue that has 
become almost a paradigm in itself and certainly is characterised by a tendency 
to ‘paradigm pluralism’.    They contend that the use of mixed methods is more 
than an attempt to compensate for inherent weaknesses in individual methods 
to developing ‘methodological eclecticism’ which they define as  involving 
‘selecting and then synergistically integrating the most appropriate techniques 
from a myriad of (qualitative), (quantitative), and mixed methods in order to 
more thoroughly investigate a phenomenon of interest.[their italics, my 
brackets]’. (Teddlie and Tashakkori 2011 p286) .  Whilst, I do not feel that I can 
claim to be a ‘connoisseur of methods’ the CoR project uses a variety of 
methods and methodological approaches in studying this particular case in 
order to provide depth and triangulation of data, identify and own or avoid bias 
where possible and unpick elusive themes.    
 
In particular, the CoR project uses an attitude scale to derive statistical data 
from a larger sample and inform the background attitude to school science 
context, semi structured interviews with and by the Co-Researchers, their peers 
and teachers, questionnaires devised by Co-Researchers, recorded sessions, 
notes, and co-researcher writing as data collection techniques.  This range of 
collection methods is intended to enrich the data obtained to triangulate 
emerging themes and influence the direction of further exploration. 
 
In order to derive theory from such a range of sources, however, it is essential 
to have a synthesizing approach to developing that theory and for this I have 
turned to grounded theory. 
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5.1.4: Grounded theory (GT) 
 
Glaser and Strauss (Glaser and Strauss 2009) describe grounded theory (GT) 
as ‘discovery of theory from data’  using comparative analysis as a key strategy 
(Glaser and Strauss 2009 p1).  This approach has the benefit of deriving theory 
that fits well in context and is therefore useful and has durability as a result of its 
close association with the source data ‘it is destined to last despite its inevitable 
modification and reformulation.’ (Glaser and Strauss 2009 p4). As each further, 
relevant study is completed in this way theory is refined and developed, the 
links to an expanding data set can only benefit the theory developed and the 
efforts of researchers are combined rather than contrasted (Glaser and Strauss 
2009). 
Whist the development of original theory is the main purpose of this study I 
agree with Glaser and Strauss that comparison of theory with other relevant 
studies is very valuable  to embed, contrast and ultimately enable a broader 
view than that possible within a single study (Glaser and Strauss 2009 p28).   
 
This has implications for the methodology of the CoR project since ‘generating a 
theory from data means that most hypotheses and concepts not only come from 
the data, but are systematically worked out in relation to the data during the 
course of the research’ (Glaser and Strauss 2009 p6).  The ongoing and 
reflective approach to developing theory implied here is very much in accord 
with the approach used in this study, but the positivist stance regarding the 
nature of data and our relationship to it is at variance.  The very phrase 
‘discovery of theory from data’ implies that ‘truth’ to be uncovered rather than 
the co-constructed reality of the constructivist approach.  The tension between 
positivist and constructivist use of GT has been much discussed and more 
recent work involves a reformulation of language that sits more comfortably 
across a range of ontologies.  Dey suggests that ‘there is no such thing as 
'grounded theory' if we mean by that a single, unified methodology, tightly 
defined and clearly specified' (Dey 2008 p80), but that instead there is an 
approach that includes methods and processes that can be very useful in 
deriving theory from data. 
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The CoR project adopts a ‘symbolic interactionism’ perspective which assumes 
that understanding is socially constructed through the interactions we have with 
the world, is constantly being changed and is based in language.  I agree with 
Charmaz when she summaries this perspective on GT as: '…neither data nor 
theories are discovered.  Rather, we are part of the world we study and the data 
we collect.  We construct our grounded theories through our past and present 
involvements and interactions with people, perspectives, and research 
practices.' (Charmaz 2006 p10).   
 
Moreover this approach highlights the involvement and impact of the researcher 
both in terms of immediate impact as an actor in the context under study and as 
an influence on the constructed understandings in that situation.  Mindfulness of 
this influence and impact contributes to retaining a ‘healthy scepticism’ which 
Brewer and Hunter identify as characteristic of GT since ‘only by closely and 
continually questioning our work, and by doing research designed to answer 
those questions, can we test our present ideas’ empirical foundations and break 
ground to build new theories.’ (Brewer and Hunter 2006 p25). 
 
Dey and Charmaz discuss the principles of GT in terms of theory development, 
data collection, analysis and sample and between them give a clear overview 
which I have formulated into a table form below (Table 5.1).  Alongside their 
individual contributions to each section I have also indicted how the CoR project 
relates to these aspects.   
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  (Dey 2008) p80-1 (Charmaz 2006) p5 CoR Project 
Theory 
development 
Sensitivity to 
empirical data as 
theory source  
Theory development 
– at all stages 
Emerging theories 
drive discussions 
Data 
collection 
Interviews and 
observations 
Simultaneous  data 
collection and 
analysis 
Interviews and 
discussions 
 Evolving data 
selection 
Constant 
comparative method  
New data collection 
in response to 
theory 
Analysis  Coding to capture 
emerging theories 
Codes and 
categories fresh 
from data 
Codes from data, 
triangulated and 
sorted 
  Memos elaborate 
and identify gaps  
Memos cross cut 
codes and themes 
Sample Theoretical 
sampling 
Driven by theory not 
representation 
Case study sample 
retained 
Literature 
Review 
 Literature review 
after analysis 
Literature review 
throughout 
Ending the 
research 
Theoretical 
saturation to identify 
end point. 
 Time limited study 
Table 5.1:  Comparison of Principles for Grounded Theory  
 based on (Dey 2008) and (Charmaz 2006) 
 
In terms of theory development  Dey makes the point that a GT researcher 
should be sensitive to empirical data and have a ‘disposition to discover ideas’ 
from within it, Charmaz concurs and adds that in GT the theory is developed at 
all stages of the research.  In the CoR project the theory was derived as an 
emerging set of ideas and connections from the discussions, observations and 
interviews with the co-researcher group.  This matches both the empirical 
source of theory indicated by Dey, and the constant comparison approach to its 
development is represented through the checking and rechecking interviews 
and discussions that I engaged in as ideas formulated and changed. 
The development of the coding in the CoR project also relates well to a GT 
approach in that the codes were derived from a scrutiny of the empirical data in 
the form of transcribed interviews and discussions and these were then tested 
on further data, categorized and developed hermeneutically  to produce 
categories or themes.  A fuller discussion is given in the analysis section 
(Chapter 6). [It is perhaps a further demonstration of a grounded theory 
approach that the analysis and methodology chapters in this thesis overlap 
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since the analysis started early and the development of methodology continued 
throughout.] 
 
However, there are two further aspects of GT that do not match the approach 
used in the CoR project.  The first, that ‘data collection stops when categories 
reach ‘theoretical saturation’, that is, when further data no longer prompts new 
distinctions of refinements to the emerging theory’ (Dey 2008 p81). The CoR 
project extended over a total of two years and came to an end because the 
group completed their own research, wrote it up, presented it in a variety of 
ways and whilst the school were interested in the ideas there was a natural end 
point.  Further analysis of codes and categories continued for some time after 
this but access to further data collection was no longer appropriate. 
 
The second aspect, of grounded theory that the CoR project did not match, 
relates to the timing of reference to the literature to explore existing codes.  
Charmaz comments that in grounded theory the literature review should be 
conducted ‘after developing an independent analysis’ but this approach implies 
that a researcher can start a valid piece of research without any 
preconceptions, experiences or understandings.  This is not only a strange 
starting point and suggests that expertise in a field is a barrier to good research 
but also implies that it is possible to ignore ‘personal baggage’ .  It is a key 
epistemological cornerstone for me is that it is not possible to separate personal 
history from current responses and that the best solution, to prevent this 
‘baggage’ from clouding the interpretation of the data, is to recognise and 
‘foreground’  those perceptions, experiences and predispositions that make up 
our current thinking in order to understand them as a lens through which we see 
the world and thus understand how they might influence the interpretations and 
inferences we draw.  One variant to grounded theory, multi-grounded theory, 
includes a greater degree of foregrounding of the literature as part of the overall 
research process and it is to this adaptation that I turned to solve this personal 
dilemma. 
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5.1.5: Multi-Grounded Theory (MGT) 
 
Lind and Goldkuhl identify that multi-grounded theory (MGT) ‘is an attempt to 
combine certain aspects from inductivism and deductivism’ (Lind and Goldkuhl 
2006 p72) a process Cronholm describes as a ‘dialectical synthesis’ of the two 
opposing viewpoints represented in his diagram below (figure 5.1). 
 
 
Figure 5.1: Multi-grounded Theory as a dialectical synthesis 
 between inductivism (GT) and deductivism.  (Cronholm 2005) 
In particular MGT ‘includes a more systematic use of pre-existing theories than 
pure GT’.  (Lind and Goldkuhl 2006) and this reference to theories in the 
literature is woven into the research process at a key strategic point – the 
explicit grounding stage (Mansour 2008).  In this way MGT involves developing 
a theory that has three kinds of grounding built into it:  empirical grounding from 
the data; theoretical grounding from the literature; and internal grounding as the 
previous two are synthesised and cross referenced.  By including this reference 
to the literature and pre-existing theories any ‘risk of “introvert theorizing” is 
avoided’ (Lind and Goldkuhl 2006 p72) and emergent theory is strengthened 
either by the acknowledgement that other researchers have identified similar 
themes in their own research or by the necessary cross and double checking 
that inevitably follows the discovery that this is a new theme emerging that other 
researchers have not as yet identified.  What MGT does not solve, however, is 
the potential influence of preconceptions on the development of coding from the 
data.  Charmaz notes that some bias is inevitable, despite our best intentions, 
and suggests that we try to ‘break open our assumptions is to ask colleagues 
100 
 
and, perhaps, research participants themselves to engage in the coding.’ 
(Charmaz 1994 p510).  In the CoR project I worked with the co-researchers on 
the coding by asking them for their themes explicitly and by checking my 
summary of these key themes with them at key points.  Additionally, when 
formally coding all the data I asked an experienced colleague to code a key 
data set independently and worked with her to moderate and modify the final 
coding set used. 
 
The simultaneous analysis and data collection, the use of coding to develop 
themes from the data itself and the development of theory during analysis are 
hallmarks of the grounded theory approach (Charmaz 2006 p5). 
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5.1.6: Validity  
 
Ensuring that conclusions drawn from any research are valid is clearly a key 
aim and the design of the methodology would not be complete without a 
consideration of how to ensure that is possible.  In quantitative research it is 
suggested that validity can be designed into the research study through the 
correct use of methods with inherent validity  (Maxwell 1992; Silverman 2000; 
Cohen et al. 2007) but that, perhaps more importantly it lies in ‘a form of rigor-
defensible reasoning’ that relates to the trustworthiness of interpretation 
(Lincoln et al. 2011).  It is this second version that Cohen, Manion et al refer to 
when they argue that ‘validity attaches to accounts, not to data or methods; it is 
the meaning that subjects give to data and inferences drawn from the data that 
are important’ (Cohen et al. 2007 p134).   
 
Maxwell (Maxwell 1996) defines validity as ‘the correctness or credibility of a 
description, conclusion, explanation, interpretation, or other sort of account’; 
Wiersma and Jurs (Wiersma and Jurs 2005) call this ‘internal validity’ or ‘the 
accurate interpretability of the results’ and Silverman (Silverman 2000) 
describes it as ‘a credible claim to truth’.  This is relevant when considering 
methodology not because the methods themselves can ensure validity, but to 
ensure that they will enable the capture of rich data that represents the situation 
effectively and allow valid interpretation under analysis. 
 
Docket and Perry (Dockett and Perry 2007) suggest that traditional concepts of 
validity and reliability can be seen as problematic when working with children 
whose responses to similar questions may vary at differing times.  This is also 
true of adult respondents and reflects contrasting perspectives rather than 
unreliable data.  The validity of the situation arises not from the replicability of 
the response here but from an interpretation that takes a broader understanding 
of the situation into account when deriving meaning from the whole set of 
responses.  ‘Rather than seeking 'one truthful perspective' from children, we 
accept that children, as adults, may have many different perspectives on the 
same issue, and that these are reflective of their context/s.' (Dockett and Perry 
2007 p49) 
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Schwandt proposes the idea of ‘social enquiry as practical philosophy’  in that it 
is ‘not a form of inquiry on human action as much as it is inquiry with human 
action’ (Schwandt 1996 p63).  He suggests that the characteristics of this 
approach include establishing ‘a dialogical relationship of openess with 
participants in the inquiry' p63, that the inquiry itself should respect the 
participants own expertise and understandings and that its aims should be to 
‘encourage practitioners to critically reflect on and reappraise their 
commonsense knowledge.' (Schwandt 1996 p64). This concept is fundamental 
to the CoR project which is designed as a dialogical development of 
understanding that engages them centrally as co-researchers and experts in 
their own learning and offers them the opportunity to develop reflective tools 
and practice as a conscious by product of their contribution. 
 
Whilst validity is generally discussed in terms of description, interpretation and 
theorising based on data collected, Guba and Lincoln argue that consideration 
of appropriate outcome is also a relevant issue.  Drawing on previous work 
(Guba & Lincoln 1989) they identify ‘5 potential outcomes of a social 
constructionist inquiry.’ …’Those authenticity criteria – so called because we 
believed them to be hallmarks of authentic, trustworthy, rigorous, or “valid” 
constructivist or phenomenological inquiry – were fairness, ontological 
authenticity, educative authenticity, catalytic authenticity, and tactical 
authenticity.’ (Guba and Lincoln 2005 p207).  These key criteria are further 
discussed here to consider how the CoR project has addressed the 
considerations raised. 
 
Fairness: ‘a quality of balance’ (Lincoln et al. 2011) In the CoR project the 
representation of stakeholder views has been deliberately highlighted and prime 
voice given to the co-researchers both in terms of attention and by using their 
own words, contextualised and cross referenced. 
 
Ontological and Educative Authenticity: raising awareness in the participants, 
something that Lincoln et al relate to Schwandt’s concept of ‘critical 
intelligence’.  The CoR project design involves reflection on emerging findings 
throughout and as central to the research team, the co-researchers necessarily 
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reflect on these themes and have immediate influence on their profile in the 
developed theory. 
 
Catalytic and Tactical Authenticity:  The structure of the CoR project contains at 
its heart a response to the co-researchers express interest in developing their 
ability to understand and engage in research for themselves on their own 
questions.  This attention to promoting their critical engagement beyond that of 
the study itself is in accord with this key principle.  In this latter category it is 
clear that the CoR project borrows some aspects of action research in respect 
of outcomes influencing change in the social setting.  The fourth of the research 
questions focuses on how the school might respond to their developing 
expertise and findings and it will be revealing how the education community as 
a whole also responds. 
 
Sources of data  
The context of the data collected has a clear impact on the quality of that data 
Cohen (Cohen et al. 2007) and artificial settings for any data collection may 
distort the outcomes.  Working with co-researchers to explore their 
understanding of their own learning at school, at home and in wider community 
settings may give different views on that learning and so each data set under 
consideration must retain the context of that setting.  Co-researchers learnt 
about research in a school setting – as a lunch time activity they chose to 
engage in; they researched their questions with their peers in a school setting 
and completed their research reports as a piece of school work – at home as 
homework or in the library in study periods.  Later in the research, they 
explained their findings in new settings, such as at a conference for teachers 
and were invited to step further outside their pupil role to support the schools 
ongoing pedagogical improvement by undertaking research work for the 
science department.  Each of these social settings has an influence on their 
perceptions and the data they provide needs to be seen as inextricably linked to 
that context. 
In providing a wide range of data sets, some care has also been taken to 
ensure these are varied in type and source and include not only some 
quantifiable sets but also due regard for the use of ‘quasi-statistics’  (Maxwell 
1996) which allow additional evidence of the weight of evidence in support of a 
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theory such as the number of examples and the number of types of source that 
support it. 
The emphasis on presenting the views of participants through their own words 
was fundamental to the way in which data for this study were collected.  The co-
researchers took ownership of their own research within the broad scope of my 
research area, Learning Science, and through supportive teaching sessions 
designed and carried out their own studies into areas that they identified.  Field 
notes on their developing approaches and tape recordings of discussions were 
used to illuminate that development and the effects of their development as a 
researcher on their own thinking and approach to learning.   
 
Context-boundedness and ‘thick description’  
In order to ensure validity therefore it is vital to ensure the data set is as rich, full 
and representative as possible so that variance within it remains in context and 
offers insight rather than a distorted lens. For the purposes of this project the 
data collected are drawn from a variety of sources over considerable time.  
Background data was not only drawn from the school records and published 
prospectus but also from the preceding longtitudonal study on attitudes to 
school science including the attitude scale, questionnaires, drawings and 
interviews;  project data included the co-researchers own work, transcriptions of 
working discussions as well as interviews and field notes; follow up data 
included presentations prepared by the co-researchers, transcriptions of post 
project interviews with children and staff and ongoing school records of 
progress.  It is hoped in this way that themes and constructs can be checked 
and cross referenced effectively to make sense of a deliberately rich data set 
that ‘provides a test of one’s developing theories, rather than simply a source of 
supporting instances’ (Maxwell 1996 p95). 
 
Researcher as part of the Researched world 
 Among the literature on validity two key potential pitfalls have been identified 
that are centred on the researcher’s role in the research. 
 
Bias:  in which the researcher pays more attention to some aspects of the data 
than others to fit with preconceived ideas or in response to personal 
sensitivities.  This can result in ‘imposing one’s own framework or meaning’ and 
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in particular ‘not considering alternative explanations’ p90 (Maxwell 1996)  and 
can result in ‘annecdotalism’ (Silverman 2000), p176 where findings are based 
on ‘carefully selected examples’.  Flyvbjerg (2008) identifies a tendency for case 
studies ‘to confirm the researcher’s preconceived notions.’ (Flyvbjerg 2008 
p398) as a common criticism of case study research.  All researchers in any 
kind of research must guard against this kind of bias in analysing and 
interpreting results and where the researcher is close to the data it is fair to 
argue that this is particularly true, it is also true that where a danger is 
particularly acute more attention is paid to it.   
Miles and Huberman go further to suggest that bias comes in two forms ‘the 
effects of the researcher on the case and the effects of the case on the 
researcher’ (Miles and Huberman 1994 p265). 
Berger acknowledges that it is necessary to balance the benefits of a close 
working relationship with participants with the danger of interpreting through the 
lens of personal experience and advocates cross checking with the participants 
themselves and returning to interpretation later with a fresher eye (Berger 
2013). 
 
To attempt to combat this I have examined my own preconceptions, hopes, 
expectations and aspirations in the section below and have used the self 
knowledge derived in this way as part of the analysis process.  This is combined 
with the use of a range of data sources selected to provide alternative 
viewpoints on the situation and corroborate or challenge any emerging view. 
 
Reactivity:  in participant observer case studies the researcher cannot avoid 
having an impact on the situation and the solution is not trying to avoid this 
completely but to be  mindful of the impact of that influence:  ‘what is important 
is to understand how you are influencing what the informant says, and how this 
affects the validity of the inferences you can draw’ (Maxwell 1996 p91).   
 
Impact of Researcher and Research Methods 
 
As participant observer and lead researcher, I am aware that my influence on 
the research findings is likely to have been significant and will need to be 
carefully analysed.   
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Guba and Lincoln advocate reflexivity as a means to acknowledge and 
interrogate our influence on the research.  This involves interrogating our 
choices of research problem and the persona we bring to the setting in order to 
understand their influence not only on ourselves within the research setting, but 
also on the research participants (or co-researchers) and the setting itself  
(Guba and Lincoln 2005).  
 
'the researcher's orientation and the definition of the situation cannot help but 
have ramifications for the way people are treated or thought of' (Peshkin 2000 
p5). 
 
My background as a teacher and lecturer, my age and gender will all affect the 
children in a particular way and my position as a concerned mentor and 
researcher both in terms of leading sessions on research technique and in 
closely supporting their work, offering advice and providing technical support, 
will have increasingly influenced their responses and engagement as the project 
progresses.  In order to counteract this, their role as co-researchers has been 
central to all sessions and their ownership of the research they conducted, as 
well as the importance of their contribution to my study of their development in 
that role through reflection and action, was fostered throughout the study.  By 
consulting their views on the direction of their own projects and the support they 
needed I hoped to encourage them to take ownership of the project.  It is hoped 
in this way that the partnership between the children and myself empowered all 
of us and had the additional benefit that it ‘enhance[d] the accuracy of the 
children’s reporting...in that it instills in the child the notion that challenging the 
investigator may be necessary, as well as the idea that he or she, even though 
a child, is competent to do so’ (Grover 2004 p88). 
 
I was aware that over the course of the project the CoR team (co-researchers 
and myself) moved in a kind of dance around the different roles we undertook.  
One particular important principle that I attempted was to consciously reduce 
the power differential as advocated by Mishler and re-emphasised by Maykut 
and Morehouse who suggested ‘reducing the power differential between the 
researcher and the research participants by involving the participants as 
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collaborators.' (Maykut and Morehouse 2000 p71).  In the CoR project this was 
a deliberate part of the research design. 
  
Within the context of the school both partners also had developing status; year 
8 pupils developing as researchers and consultants and a visiting researcher 
developing a working relationship with the headteacher, head of year and 
science staff.  Dockett and Perry identify this as a critical moment in working 
with children as part of the research team and highlight the ‘importance of 
negotiating a position that recognizes researchers as adults, albeit an unusual 
type of adult, one who is seriously interested in understanding how the social 
world looks from children’s perspectives but without  making a dubious attempt 
to be a child.’ (Dockett and Perry 2007 p60).  Although the co-researchers took 
the lead in negotiating access to classes for the purposes of their research 
directly with the relevant school staff, it was also necessary for me to take some 
part in this negotiation both for my own purposes and in support of their needs.  
This supporting role was carefully managed so that the co-researchers 
maintained ownership of their own research.  
'The advantages of children having greater control over producing and 
analysing data are that they may enjoy the research process far more (they 
know that they can drop out if they wish), and that the findings may more 
accurately report children’s own views and experiences’ (Alderson 2004 p100). 
Methods used 
Within my own research I used semi-structured interviews and field notes as 
well as valuing the co-researchers comments on the process and their 
perception of any effects on their thinking or learning.  The co-researchers’ own 
notes and workings and their developed reports and email correspondence, as 
well as interviews with teachers and peers later on in the study, were used to 
provide essential triangulation.  ‘This reduces the risk that (your) conclusions 
will reflect only the systematic biases or limitations of a specific method, and it 
allows (you to gain) a better assessment of the validity and generality of the 
explanations that (you) develop' (Maxwell 1996 p75) [my brackets]. 
Semi-structured interviews were used as a data collection technique and also 
modelled to enable the co-researchers to use this approach in their own 
research.  I took great care to be very open about when I was collecting data 
and when modelling (or both) and to discuss openly the use of the interview 
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schedule as a tool for keeping a close eye on the impact of the researcher on 
the findings obtained.  Working in this way as both researcher and research 
tutor kept the research agenda very visible at all times as we discussed aims 
and techniques as I was using them.  As Maykut and Morehouse emphasise 
'the rapport established with study participants through open and honest 
exchange is essential to indwelling and to achieving useful study outcomes.' 
(Maykut and Morehouse 2000 p71). 
 
 Familiarisation with research methods such as the tape recording of sessions 
was introduced carefully to enable the co-researchers to feel comfortable with 
the process and ensure that they felt ownership of the data and, in particular, in 
control of when the recorder was on and off.  During the early stages I made 
sure I reminded them regularly of their right to choose when the recorder was 
on or off and left the switching to them.  This stage quickly passed and they 
would turn the recorder on at the start of sessions and its presence was quickly 
in danger of being completely forgotten.  
 
Validity in Data Analysis  
The use of a MGT approach includes a high profile of validity issues in data 
analysis,  the development of coding through reference to multiple data sets 
and relevant studies in the literature to develop ideas and codes that resonate 
not only with the data but within the field is in accordance with 
recommendations to compare findings with similar studies  (Maxwell 1992). 
Silverman offers additional checks within data analysis to improve validity: 
The refutability principle which requires proactive efforts to be made to find 
flaws or evidence to disprove findings; The constant comparative method which 
involves looking for comparative data segments within and beyond the study; 
Comprehensive data treatment which insists that all data is presented to ensure 
selection is not biased and along with Deviant-case analysis ensures that data 
that does not fit a perceived pattern has equal attention to data that does 
(Silverman 2000 p177). 
 
Participant Voice and Respondent Validation 
Involving the participants (in this case also co-researchers) in validating 
interpretations of data is widely considered a useful strategy to enhance validity.  
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Grounded theory relies on tentative themes emerging from the data being tried 
and tested against the next phase of the study, often by presenting these 
‘findings’ back to the participants asking for confirmation or elucidation of them.   
This practice fits well with the research approach adopted since is also accords 
with principles associated with empowerment and children’s voice (Christensen 
and Prout 2002; Dockrell et al. 2002; Leitch et al. 2005; Alderson 2007).  The 
benefits of both expert others and participant validation of interpretation include 
raising awareness of potential other interpretations  (Guba and Lincoln 2005) as 
well as enhancing the engagement and participation level of co-researchers  
(Kellett et al. 2004).  Silverman (Silverman 2000) is critical of too simple a 
reliance on ‘respondent validation’ suggesting that the implication that any one 
person can interpret better than any other is a dangerous position whether it is 
the researcher’s interpretation that is favoured or that of any of the participants.  
Some caution is also wise in that a participant interpretation is also subject to 
influence by the researcher and their own personal circumstances. 
 
Strategies to support and enhance Validity 
In addition to applying principles to enhance validity in the research design I 
also applied strategies to actively highlight validity throughout the project and 
act to enhance it.  This ensured that validity was a high profile element of the 
project and enabled validity threats to be identified as events as they occurred 
and is an approach Maxwell has termed ‘modus operandi’ (Maxwell 1996 p92).  
Scot and Usher also advocate actively looking for ‘disconfirming cases’ that do 
not fit with emerging theories in order to shed light on the robustness of ideas 
and contextualise the value of the patterns observed p150  (Scott and Usher 
2000) and Miles and Huberman emphasise the value of referring to other 
professionals with some distance from the study to confirm or offer perspective 
on emergent ideas (Miles and Huberman 1994; Silverman 2000).  MGT 
development involves such an experienced other both in the development of the 
codes during early analysis and later in verifying their application to each data 
set.  By its very nature MGT engages in constant cross referencing between 
data sets and literature which instils many of the benefits of triangulation as 
advocated by many researchers (Maxwell 1996; Greene and Hill 2005; 
McMillan and Schumacher 2006; Dockett and Perry 2007). 
 
110 
 
 
 
111 
 
5.1.7: Ethical considerations 
 
Ethical considerations, as summarised by BERA (Association 2011), form a key 
set of principles which transcend paradigm and methodological approach and 
ensure that research is conducted in a framework of respect for ‘the person; 
knowledge; democratic values; the quality of educational research and 
academic freedom.’ (Association 2011 p1).  Christians (Christians 1994) offers 
four guidelines to ensure an ethical approach in designing a research study: 
1  informed consent:  'First, subjects must agree voluntarily to participate - that 
is, without physical or psychological coercion.  Second, their agreement must 
be based on full and open information.' (Christians 1994 p144).   
2  deception:  Christian is clear that no form of deception, to obtain consent, is 
consistent with ethical research and that 'deliberate misrepresentation is 
forbidden' (Christians 1994 p145) 
3  privacy and confidentiality:  subjects, participants, organisations and locations 
should be strictly anonymised and protected and the information held about 
them securely stored and destroyed after a stated time period. 
4  accuracy:  Christian is again very clear that  'Fabrications, fraudulent 
materials, omissions, and contrivances are both non-scientific and unethical.' 
(Christians 1994 p145) 
 
The main focus of this section will be on ethical considerations regarding 
participants of the research, however it is also necessary to comment on the 
researcher’s responsibility regarding funders of educational research, the 
community of educational researchers and the wider education community.   
For the purposes of this project the sponsor and community of educational 
researchers are synonymous (in that funding is provided by a faculty whose 
prime focus is educational research).  Their interests are to be protected by 
conducting research to the highest standards and without bringing research 
practice into disrepute through poor practice such as distortion of findings, 
unprofessional criticism of research, exploitation of research staff or participants 
or inappropriate use of findings.  Ethical approval was sought and obtained and 
the approval form is given in Appendix 1.  Responsibilities to the wider 
education community include the publishing and dissemination of findings in a 
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clear and straightforward manner in order to make it available where it is of 
most use (Association 2011). 
 
BERA also state that ‘educational researchers should operate within an ethic of 
respect for any persons involved in the research they are undertaking.  
Individuals should be treated fairly, sensitively, with dignity, and within an ethic 
of respect and freedom from prejudice..’ (Association 2011 p2).  The theme of 
respect is an important one when considering ethical design and the potential 
impact on research participants.  This involves careful regard for ensuring 
voluntary informed consent, openness and disclosure and the right to withdraw.  
In the studies leading up to the co-researcher project consent forms for the 
children, their parents and the school and its staff involved were used along with 
clear and shared information about the right to withdraw and the research aims.  
The co-researcher project also included consent forms and information about 
the aims and structure of the project but went further in that once co-
researchers had indicated their intention to join the project, they had further 
ownership and control over how it proceeded.   
 
Researcher competence 
Lindsay (Lindsay 2002) offers 4 key principles when considering ethical issues : 
‘respect for a person’s rights and dignity, competence, responsibility and 
integrity’ (Lindsay 2002 p17).  The first principle links closely with Alderson’s 
‘rights based’ approach to research which I will explore in more detail below, but 
the latter three emphasise the responsibility the researcher has to be 
professionally able, to be accountable for all ethical considerations throughout 
the whole of the research process and to be thorough in assessing the validity 
of the findings in terms of evidence gained and through triangulating and 
checking interpretations with other, experienced researchers and with the 
participants themselves.  He emphasises the importance of the research 
community in this process 
 
‘To do this successfully requires… that researchers, as an ethical position, 
should ensure that they seek support and supervision from knowledgeable 
mentors and colleagues which will challenge their thinking and practice’ 
(Lindsay 2002 p20). 
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In the CoR project a network of expertise was engaged, led notably by my PhD 
supervisor but also augmented through the engagement of and interest of 
professional colleagues and peers. 
 
Rights based research design 
 
Alderson (Alderson 2004) suggests using the ‘3 Ps’ as a starting point to 
designing research projects that have children’s rights as a central tenet: 
‘providing, protection and participation’ (Alderson 2004 p98).  Thus the ethical 
framework of research design is guided by the rights of children to: 
provision of basic needs, in this case education (section 5.1.7.1), 
protection from any harm or discrimination (section 5.1.7.2) and  
participation in the form of dialogue and understanding about the nature of the 
research process and their freedom within it to choose whether to take part or 
not at any stage in the process (section 5.1.7.3). 
Maintaining a broad overview of the situation is important in any research but is 
particularly sensitive when working with children and young people and I agree 
with Lindsay who identifies the importance of ‘sensitivity to identification and in 
ensuring that practitioners’ research is not only valid and useful, but also 
ethical.’ (Lindsay 2002 p20).     
 
5.1.7.1. Provision:  Relationships with children  
 
Any research with children requires researchers to go further than following a 
simple ethical code into making judgements on a case by case basis on the 
impact of the study on the participants.   Children, perhaps especially in an 
educational setting, are in a position where they must trust the adults around 
them to have their best interests at heart and to offer opportunities that will 
benefit their overall education whilst also protecting them from ‘wasting’ their 
time or abusing that trust.  They may do this without much consideration as a 
matter of course, and it is a responsibility of the researcher when working in this 
setting to present the proposed project and their participation in it accurately in 
terms of the benefits and risks of engaging in it, the time and effort that will be 
involved and how this might impact on their participation of other educational 
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opportunities available.  Participants in the co-researcher project spent 
lunchtimes and evenings working on their own research at the expense of more 
outdoor activities and other lunchtime and evening clubs and social events.   
Through inviting potential participants to an information session at which a clear 
outline of their potential role and the time and commitment it represented I 
hoped to ensure that engaging was a free choice among others and 
emphasised that they could withdraw at any point (Dockett and Perry 2007).  A 
careful balance between the value of the role to the school and their own 
education was maintained, ensuring that the impression was not given that their 
education would be damaged by choosing not to take part.  If they chose to take 
part in the project they were asked to pick up and take home a consent letter to 
discuss with their parents.  The emphasis here is on their own ownership of  the 
project so that they would decide to take part (or not) in consultation with their 
parents.  The signing and return of the consent form being that final decision.  I 
was concerned at this stage to obtain the children’s consent as the key issue 
here.  Whilst parental consent and that of the school is also important it is the 
children who are ‘signing up’ (or not) and placing their decision as central was a 
deliberate statement about the value of their own voice in the process (France 
2004).   ‘If we are committed to listening to young people’s voice we need to 
give them detailed information about the research so that they can make an 
informed decision.’  (France 2004 p183).   In this way I was sure that the co-
researchers who signed up had given their fully informed and willing consent 
and were clear about their right to withdraw. (Initial consent form for parents is 
attached as Appendix 3) 
 
'This means ensuring that they know that they have the choice as to 
whether to participate in the research (in other words that they are true 
volunteers), that they know they have the right to withdraw from the 
research at any time if they so wish without detriment to their care, and 
that they know exactly what their role in the research is (that is, what they 
must do if they choose to participate). (Greig and Taylor 2002 p149) 
 
The engagement of children as active within the research and having ownership 
of their own element of it is in accord with an emerging perspective on children 
in research which takes account of children’s rights as identified in the 
Convention on the Rights of the Child (CRC).  ‘A common characteristic of this 
research perspective is that children are given central and autonomous 
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conceptual status.' (Christensen and Prout 2002 p481).  Their part in research 
of this type involves more than willing and active participation in pre-planned 
projects to ‘having a set of specific interests’ that require not only consideration 
but centrality in the research question.   
 
Working with children as co-researchers raises further ethical elements in that 
the relationship is developed over time through delivering sessions on research 
methods and supporting their own research.  The protection of children’s 
interests, both within the research and beyond it requires constant vigilance and 
consideration within a clear ethical framework. (Roberts 2000; Christensen and 
Prout 2002; Alderson 2004).  Again, a balance needs to be struck between 
concern and support on the one hand and influence and bias on the other.  
Clarity of purpose in each session and an emphasis on their own needs taking 
precedence over my interests as a researcher are the principles I relied on.  
Individual and specific consent was sought from the co-researchers, school 
and/or parents as the need arose, for instance to establish email links when 
supporting their ongoing work or in arranging specific trips to disseminate their 
findings to a wider community. It is important that they feel secure in the setting 
of the project and 'we need to be proactive in our planning and design, ensuring 
that we provide a safe a supportive environment.' (France 2004 p188).  I also 
planned to provide a secure and familiar setting and all the sessions including 
interviews and support were conducted within the school, wherever possible in 
a room in which we were unlikely to be unduly disturbed or overheard although 
this is never wholly achievable in a busy school!  This meant that the setting 
was as near as possible the same as their daily experience of the educational 
context of the school and on ‘home’ ground. 
 
‘The ethical risks of greater participation are that, if the children 
contribute and reveal far more about themselves than they intended, they 
might later feel greater regret, shame or anger if researchers produce 
disrespectful reports. Adult researchers still hold the power to interpret 
and write reports.' (Alderson 2004 p100).  
 
Whilst my research was never intended to invade the co-researchers’ personal 
lives I am aware that their self esteem and self image may well have been 
closely associated with their success as learners.  Mutual respect in all 
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interaction and communication and awareness of individual sensitivities was a 
part of the routine relationship, as in all contact with children.  It was also 
important to maintain transparency about which elements of the process 
comprised data to be analysed for my research purposes and how their 
confidentiality and anonymity continued to be protected.  I also sought 
opportunities for the co-researchers to give feedback and offer suggestions 
about how to phrase or understand some elements of the analysis. 
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5.1.7.2: Protection:  School, staff and pupil anonymity,  
 
At all times in my own writing, the protection of the identity of the participants, 
the school and any members of staff referred to will remain a high priority and 
the level of anonymity and style of reference be consciously designed to reflect 
their sensitivities and wishes.  Confidentiality issues can be represented as a 
series of levels; individual, pair, co-researcher group, form, year, staff, school 
community, regional and national.  At the boundary of each of these levels 
issues of anonymity and confidentiality were considered, consultation and 
discussion held and agreement and permission achieved. 
A unilateral attempt to provide anonymity to protect the identity of the co-
researchers is of only partial use in a project involving only 8 participants and 
although names were changed to maximise this I was also mindful how they 
were portrayed in order to be true to representations with which they were 
comfortable. 
 
Pring identifies a conflict between two ethical principles, the first ‘which requires 
respect for the dignity and confidentiality of those who are the “objects” of 
research’ and the second ‘the pursuit of truth’ (Pring 2000 p143) but the first 
principle must always take precedence and methodological design and 
transparency of research aims be used to support the achievement of the 
second.  This is of particular importance when working in sensitive areas or with 
vulnerable participants and it is worth recognising the tension between 
'protecting children in research, on the one hand, and liberating children through 
research , on the other.' (Murphy et al. 2013 p169)  In all research there is a 
considerable degree of trust that is needed to gain access in the first place and 
openness when responding to research questions.  Trust, brings responsibility 
and before conducting any research it is worth asking the question ‘what would I 
do if something were revealed that needed sharing further’.  As Ryen comments 
‘the three ethical issues of consent, confidentiality and trust are closely linked'  
(DeWitt et al. 2014 p222) and where there is scope for uncertainty thinking this 
through beforehand, and clarifying with the participants at the start is important.   
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5.1.7.3: Participation: Ownership of co-researcher reports,  
 
Roberts takes the issue of informed consent even further and considers that 
their participation in any research project, despite our best efforts, may still have 
consequences for them.  She argues that we have a further responsibility ‘to 
make participation in research , whatever level, an experience which is at best 
fun, and at worst does not harm’ (Roberts 2000 p238).  I would agree and add 
that it should also offer something more, an opportunity to consider their own 
potential or situation in a safe environment to enhance their own understanding 
and skills in order to further their own ends  (Jones 2004).  In this project the 
development of their research experience and methods was a clear example of 
a potential gain and they might also benefit by becoming more conscious of 
their own learning and the factors that enhance or enable it.   
 
The work produced by the children themselves is clearly their own property.  I 
have sought permission to quote from it and have supported them in publishing 
as they wish (some co-researchers presented at a regional teachers conference 
and all published on the school and a national co-researcher website).  School 
permission for this was also obtained and some final editing to comply with 
confidentiality codes and school needs completed.  In this case the names of 
the co-researchers as authors and their school were attached to their work 
since all parties wanted to acknowledge that authorship.  In writing up this 
thesis I acknowledge a conflict here, between my desire to give them full credit 
for their work by referencing them as other researchers, and my duty to protect 
their identity within this work since I am discussing more than their work.  For 
this reason although I reference their ideas in the analysis chapter I have 
assigned the same initials to the reports and references – so that the individual 
thread is complete within this thesis but the individual co-researcher remains 
unidentified. 
 
I have adopted a position of ethical symmetry  (Christensen and Prout 2002) 
which recognises children and adults as requiring equivalent consideration over 
any ethical situation and assumes that the children involved have both agency 
and competence to understand their situation and actions within it  (France 
2004).    
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5.2: Methodology Part 2 – Chronology and Methods 
 
The focus of this section is to tell the story of the project through giving an 
account of the chronology of the Pilot studies, Main project and the methods 
used.  The case studies presented are developed using a range of data 
collected by differing methods over the course of two years.  It is also important 
at this stage to set out the rationale for the methods chosen and how these can 
contribute to reliable interpretation of the findings.  This section will also detail 
how these methods meet the principles set out in the preceding sections and 
any adjustments that were needed to retain the integrity of the research.  
Pilot Study 1:  Summer 2003 
Ongoing Pilot Study 2: Attitude study From 2003 
Presentation of Pilot Study 2: Attitude Study findings at Year 7 & 
8 Assembly.  Feedback from year 7 & 8 students 
February 2005 
Information meeting with potential co-researcher group to outline 
possible involvement in project and invite application 
March 2005 
Research Methods Sessions as lunchtime club Summer term 2005 
Co-Researcher Projects   
Support for writing reports  
Dissemination of co-researcher reports: School Website September 2005 
Annual Attitude Survey Data Collection September 2005 
Dissemination of co-researcher reports: School Assembly December 2005 
Follow up interviews with group and teachers December 2005 
Dissemination of co-researcher reports: Posters at Association 
for Science Education National Conference 
January 2006 
Dissemination of co-researcher reports: Reports on O U Website 
http://childrens-research-centre.open.ac.uk/research.cfm  
January 2006 
Dissemination of co-researcher reports: Presentation to regional 
teachers conference 
March 2006 
Co-researcher meeting with headteacher & head of science May 2006 
Follow up interviews with co-researchers and head of science July 2007 
Table 5.2: Chronology of CoR project 
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5.2.1: Developing the Attitude Scale  
 
One of the aspects of interest in undertaking this project was the potential 
impact on the attitude of the co-researchers to school science of researching 
their own science learning, both in terms of their decisions about their 
developing careers and also in terms of their valuing science for its application 
in everyday life and underpinning decisions as a citizen.  In order to explore this 
impact, an understanding of the background attitude to school science in their 
cohort and the way this was changing over time was necessary and to facilitate 
this understanding an instrument to measure this. 
 
I have already explored the literature around attitude to school science and 
identified a definition of attitude in section 3.1 (What is Attitude).  Since this is of 
key importance at this stage the relevant section  and definition is repeated 
here: 
 
Attitude can be defined as 'the feelings that a person has about an object, 
based on their beliefs about that object.' (Lincoln et al. 2011 p873) and can be 
‘positive or negative‘ (George 2000 p215).  It should not be confused with 
general affects such as moods and emotions which can also influence feelings 
but are not subject specific. (Barmby et al. 2008) 
Gardner emphasised that attitude is ‘a learned predisposition ‘(Gardner 1975) 
and as such is in a state of growth or change over time as a result of 
experiences and contexts associated with it.   
 
Many researchers acknowledge a two way link between attainment and attitude 
“learning is influenced by feelings and emotions, and (that) in turn learning can 
influence feelings and emotions.”  (Alsop and Watts 2000 p132) (my brackets) 
but direct evidence is less common.   However ‘there is (also) some empirical 
evidence for a relationship between attitudes and academic outcomes’   (West 
et al. 1997 p607).  [my brackets] 
 
Trends in attitude have been the focus of much study and the decline in 
enthusiasm for school science, described by Pell and Jarvis as “year-on year 
deterioration” through the latter primary years and markedly into secondary 
121 
 
education is well documented (Piburn and Baker 1993; Mant et al. 2007) In 
early primary years children seem to enjoy the hands on nature and 
investigative approach to science “however, beginning in about the junior high 
school they became increasingly uncomfortable with open ended activities.  
They were unhappy at the idea of being held accountable for the quality of their 
work when the exact outcome had not been specified, and came to prefer the 
tight certainty of work books and worksheets.” (Piburn and Baker 1993 p402) 
 
One criticism of using attitude scales is that whereas they can be helpful in 
identifying a trend they are less helpful in understanding it.  This might be partly 
because “These instruments are constructed from the perspective of the adult 
who is engaged in research” (Piburn and Baker 1993 p393)  
 
Mindful of this and that the same authors had been ‘impressed, during our 
interviews, with the quality of advice given by students’ I deliberately engaged a 
Pilot Study group of primary children in the process of developing the scales 
presented to them – asking for their feedback on the ease of completing the 
scales as tasks, their perception of the relevance of the items and how useful 
they felt the whole would be in demonstrating their attitude to school science. 
 
Following a discussion on a variety of scales and the children’s role as co 
designers of the intended instrument, I specifically asked the children to not only 
complete all the scales but also to evaluate them in terms of their ease of use, 
meaningfulness and value.  The children elected a representative group to 
feedback comments on the range used and selected the BEEScale as the most 
appropriate format. 
 
5.2.1.1: BEES scale – (Beth’s Early Experimental Scale) 
 
This was derived from items developed from the WASP (Wareing Attitude to 
Science Protocol) Scale, (Wareing 1982) and ‘What I really think of Science’, 
(Mant et al. 2007) and is an attempt to evaluate the children’s feelings about 
science in general.  From an initial 40 items the BEEScale took the form of a 20 
item 5 point Likert Scale.  The full instrument is given in Appendix 5. 
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The selection of position along the scale was made as individual as possible, 
using continuous arrows instead of boxes to indicate the range of response 
from strongly agree to strongly disagree.  Column headings indicate the value of 
the chosen positions which are shown with a marked cross. In introducing the 
instrument I was careful to demonstrate how to use the arrow scale carrying out 
two test examples on the classroom board until I was sure they were confident 
about how to indicate their choice. 
Their feedback indicated that they found the scale easy to use, they liked and 
were uninhibited by the continuous arrows, and several commented on the 
appropriate nature of the items and indicated that they appreciated being asked 
‘bigger’ questions about science than they were used to in school.  One girl 
summed up their collective understanding of the process hoping that the results 
would be “very useful to scientists because they can see what we think” (Nicky 
Y6 girl, 2003) 
 
One item in the scale was intended to assess the competence of the 
respondent;  reflecting their  understanding of how  the scale worked and 
knowledge of the primary science curriculum, rather than attitude.   
beelig  Science in school involves learning about light 
 
The class recognised this and also identified 4 other items as not particularly 
useful.   
beeinv  the best thing in science is doing investigations 
beefac  Science is mostly about learning facts 
beerea  reading about science is the best bit 
beecle  you have to be clever to do science 
 
They felt that these statements could be argued equally strongly in either 
direction by those with very positive attitudes to science, i.e. that they were a 
matter of opinion and not a reflection of attitude. 
 
The final version was tested with the Pilot Study sample for internal consistency 
by calculating Cronbach’s Alpha coefficient which met the .7 boundary 
indicating reliability with the sample (n=26). This very small sample prevented 
generlisability but results were encouraging enough to allow further use in the 
main project.    
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Factor Analysis was also undertaken with the Pilot Study sample to test this 
despite the small sample since Arrindell and van der Ende (Arrindell and J. 
1985) demonstrated that small sample sizes can still reveal factor solutions. 
The Pearson product –moment correlation coefficient was calculated for each 
item where correlation coefficient (r) values between .3 and .49 indicate medium 
correlation and those between .5 and 1.0 indicate large correlation.  In the Pilot 
Study 10 instances of medium and 3 strong correlation values resulted and one 
negative correlation, therefore factor analysis was appropriate.  Calculation of 
Bartlett’s Test of Sphericity gave a significant value (p=.000) but the Kaiser-
Meyer-Olkin Measure value was low at .45 indicating that the sample size made 
factor analysis less relevant.   
 
Despite this Factor Analysis was carried out and 3 factors were identified that 
could be broadly described as: 
 
Factor 1: Science is good for the world. 
Factor 2: I would like to be involved in science. 
Factor 3: Science process is useful in daily life 
 
These 3 factors offered a way to help describe the makeup of an individual’s 
score for BEEscore which measures overall attitude to school science.  Factors 
1 and 2 are particularly relevant since a positive attitude to school science may 
result from either (or both) and individuals who consider the pursuit of science is 
important in protecting global health may not necessarily consider science as 
their career of choice and vice versa. 
 
Overlapping items may be particularly pertinent in identifying overall attitude 
whilst others that map onto only one factor give more information about the 
individual’s personal choices as well as their attitude to school science. 
 
Whilst these early Pilot Study results are not conclusive and show weaknesses 
in sample size which undermine the validity of any further analysis from that 
sample, the scale itself showed promise and was worth testing further with a 
larger sample.   
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5.2.2: Co-Researcher Project Setting: 
 
As has been indicated at the start of the preceding chapter, the co-researcher 
project was initiated as a developing part of a longitudinal study into the 
changing attitudes of children to school science over their transfer to a 
secondary school from its primary feeders.  The school is a mixed gender, 
selective grammar school in a local authority that contains 8 secondary schools 
serving a total of around 8,000 secondary pupils.  Three of these eight schools 
are selective grammar schools, including two single sex grammars, and two 
which serve the 11 – 16 age range with no sixth form.  The school had an 
Ofsted inspection in 2006 whose findings were that the school was excellent in 
all areas and this reputation is also borne out by their position in the league 
tables and results at GCSE and A level.  In 2006 (and for the previous 3 years) 
98% of 15 year olds achieved 5+ A* (and equivalent) compared to 53.1% in 
Torbay and 58.5% in England as a whole.  The two other selective grammar 
schools (Girls only and Boys only) attained 99% 5+ A* in the same period.  At A 
level the school returned 268 students with an average point score of 957.1 
compared to the local authority average of 729.2 (England 721.5).  The other 
two local grammar schools returned an average of 1060.1 and 774 respectively. 
 
 The school ‘predominantly serves the local community with the vast majority of 
students being recruited from within a five mile radius of the school. The 
number of students with learning difficulties and disabilities is well below the 
national average, as is the number of students with a statement of special 
educational needs (SEN). The number of students eligible for free school meals 
is well below the national average. Very few students do not have English as a 
first language.’  (Ofsted inspection team, 2006)  Intake to the school is highly 
selective on academic ability as judged on the outcome of 11+ tests and this 
results in the school taking children from a wide range of primary schools each 
year.  In the academic year of the co-researcher group there were 31 feeder 
schools represented, the largest group from any one school accounting for15% 
of the cohort and 12% of children were the only child from their feeder school. 
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At the start of the project there were 852 children on roll, 268 of whom were in 
the sixth form and 126 in year 8 divided into 4 forms of 31 – 33 children in each 
with a fairly even balance of girls and boys.   
 
5.2.2.1: Access and Support – contextual issues 
 
It is vital to the success of the project that the school not only provided access 
and facilities but also actively valued the co-researchers product and the 
enthusiasm of the headteacher and interest and involvement of key members of 
staff was enlisted and encouraged.  Other indicators that the project was valued 
such as publishing of the co-researchers reports on the school web site, a year 
group assembly presenting findings to their peers and permission (and 
encouragement) for the co-researchers to disseminate their findings outside the 
school community was sought.  
 
This ‘valuing by all’ may be an important intervention in its own right.  Any 
findings might be influenced heavily by the value the school places on the work, 
the potential reaction of peers and in particular by my interest and interaction 
with the individual co-researchers.  It will be very important to bear this in mind 
when analysing the results of the study but whilst it is impossible to completely 
untangle the effect of the research process on its own findings the children’s 
comments will be fundamental in illuminating what they consider to be the key 
influences. 
 
As well as the central interview data a broad sweep of data were collected to 
enrich the view and enable triangulation to further clarify the key findings 
including interviews with teachers and other pupils in the year group. 
This approach has been chosen in order to investigate the impact of carefully 
designed interventions on a very particular situation: that of able children in a 
selective grammar school where expectations are high, not only from the school 
and parents but also the children themselves.   
 
In one, very real, sense this project will open the door to research to the co-
researchers; by learning about research from a researcher point of view they 
will be empowered, not only to conduct their own research but also, in 
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understanding and ‘getting under the skin’ of research if they should experience 
being participants in research in the future.  However, my main aim is to explore 
another approach to understanding the ways by which we can maintain interest 
in learning in science, particularly that of able children in whom the ‘attitude dip’ 
has been shown to be more pronounced.  
 
5.2.2.2: Sample Issues: 
 
Since projected valuing of the research outcomes is important to the project the 
choice of the school as a suitable setting for this research is also important.  
The response of the headteacher to the longitudinal study, and to the children’s 
responses to that key assembly on it, is therefore contextually interesting but 
also actually part of deciding on this school as the setting for this research.   
Moreover, the school was also important in the design of the project in that , as 
a selective grammar school, the children from whom co-researchers would 
be drawn were also likely to be able children, particularly prone to that attitude 
dip identified in the literature review. 
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5.2.3: Identification of Co-Researchers. 
 
The first stage of the project was initiated through inviting years 7 & 8 to 
respond to my initial analysis of the findings of Pilot Study 2 (Attitude Study) at a 
key point during a year 7/8 assembly.  Initially this had been a checking point for 
my own longtitudonal study on attitude change, but it became much more as 
many of the cohort as a whole indicated interest and engagement in the study 
and I identified interesting viewpoints, ideas and levels of engagement through 
their responses made on a feedback sheet issued as they come in.  
  
Figure 5.3: Reproduction of Figure 2.1 
Summary of key points presented to staff & Year 7/8 assembly  
 
Since these findings were derived from contributions from both year groups we 
asked for feedback on what we were saying from all children on a feedback 
form (appended) that could be handed in by posting into a box at the back of 
the hall on the way out from the assembly.  The start of the presentation 
highlighted the value of this feedback to us in checking we were interpreting 
their comments properly but also that this was not compulsory and could be left 
anonymous if they preferred.   
 
From a total of 250 children 212 feedback forms (105: year 8, 107: year 7) were 
handed in and many contained thoughtful and often insightful reflections on the 
presentation itself and the science they had experienced both at primary school 
and in years 7 and 8.  Potential co-researchers were selected on the quality of 
 Interest in School Science reaches a peak in Year 7 and then declines in 
Year 8  
 Year 8 pupils are more likely than Year 7 pupils to… 
o consider creative & different ideas important in science 
o feel that science has a benefit for society  ( better world, good for 
everybody) 
 Year 8 pupils are less likely than Year 7 pupils to… 
o try science out at home or consider clubs a good idea. 
 Boys are generally more positive about school science than girls. 
 Girls were less likely than Boys to rate science as interesting, this trend 
becomes more pronounced year on year. 
 Boys were more likely than Girls to view science as very important, very 
clear & highly technical even when overall averaged scores against all 
items are similar.   
 Science is increasingly seen as very logical and valuable. 
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their feedback on these forms and also from recommendations by the 
headteacher and science team.  In terms of selection of this sample as case 
studies this was an information-oriented selection made from a large cohort of 
possible individuals to identify a smaller set of critical cases (Flyvbjerg 2011).  
  
21 children from year 7 and 8 were invited to an initial meeting about the project 
at which an outline of research aims, sessions and work involved was explained 
and individuals or pairs were invited to suggest research questions they would 
like to explore as an indication of interest in getting involved and to discuss the 
project at home to ensure both they and their parents were positive about their 
taking part. 
 
From this initial meeting 15 children returned forms indicating that they would 
like to take part, 8 from year 8 and 7 from year 7.  In order to give all a chance 
to be involved at a good time in their school career it was agreed with the 
headteacher that the project would run in year 8 for all so that the current year 
8s would proceed in the first round and year 7s would take part the following 
year.  This enabled me to keep the group size manageable and focus the 
research on one year group without depriving any child of the opportunity to 
take part.  The school communicated this decision to the children and arranged 
the first meeting for the established co-researcher group. 
 
5.2.3.1: Profile of Co-Researchers 
 
The eight co-researchers who joined the project were all drawn from year 8 but 
distributed through the forms and comprising 4 girls and 4 boys.  Four were 
from 8C, two from 8F and one each from 8A and 8T.  They had joined the 
school from a range of 5 primary schools, 3 from White Rock which contributes 
the highest number of entrants into year 7 (15%).  All of them had at least one 
other pupil from their primary school in their form. 
 
Their reports from year 7 indicated that this was a very able group; all but one of 
them had achieved L5 scores at KS2 across all subjects and strong CATscores 
on arrival in year 7.  All their year 7 reports indicated very positive (A*) attitude, 
interest and participation in science and as a result 5 of them were in the top 
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Science set which is made up of those students with at least A for all areas on 
their year 7 science report.  The remaining 3 had areas of weakness at this 
stage, Annabel in her practical and investigative skills and RB and JS in 
knowledge and understanding of science. 
 
At the point of joining the project they teamed up into pairs only one of which 
was from within a form group but all were same gender pairings, none of these 
pairings related to their feeder primary school.  SL and JB (who were both in 
form 8C and in the top science set) had clearly worked together before and 
came intending to be a pair with a question prepared, JS and RBwho were from 
the same science set (set 3), quickly identified each other as a pair as they 
agreed on the area they wanted to explore (which was closely linked to the 
presentation I gave).  AC and AH both had questions in mind but negotiated a 
joint idea, AH appeared to be less confident and as the only one from science 
set 2, more inclined to give ground and agree.  JL and BC were less obvious 
working partners.  JL did not have a question in mind but BC offered to think 
one up and they agreed to cooperate on it, both these boys seemed very 
confident in their own way.  The pairings were quickly agreed on and remained 
largely effective although it soon transpired that BC and JL wanted to approach 
their question in different ways.  They agreed to collect data together and write 
their report separately so that they could put their own slant on the questions 
asked and interpretation chosen. 
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5.2.4: Co-Researcher Project Sessions 
 
During the early part of the summer term the co-researchers met regularly at 
lunchtimes for training in research design and methods.  Support for their work 
was provided not only in the taught sessions but also in further support 
sessions, and by email.   
The sessions outlined below served to remove the commonly cited objection to 
children taking a central role within research  (Kellett 2005);  that they lack the 
skills necessary to do so.   
The main focus was research method training but alongside this process we 
explored how the children feel about science, their learning of it and the learning 
environment in which they and their peers work.   
My experience in conducting the pilot studies had highlighted children’s ability to 
comment and reflect in very mature ways on the research process itself when 
this was situated in a familiar setting and context and I had benefited from their 
advice in refining my methods of data collection and interviewing.  I agree with 
Alderson’s claim that children researchers’ can display competence in their 
work (Alderson 2000) and therefore determined to be flexible in what I had 
planned in order give the co-researcher group control over the pace of sessions 
and the content and nature of the interventions through reflection on their own 
needs.  To this end time was planned in at the end of each session for reflection 
on what was needed next.  That they retain ownership of their own development 
as researchers in this way was integral to their final research product being their 
own.   
The sessions were held within the school during lunchtimes in an empty science 
room, providing a familiar environment, conveniently sited in which we were 
(relatively) undisturbed.  As O’Kane (2000) points out there are benefits to be 
gained from a familiar setting in that  ‘Private space with minimal disturbances 
in an environment where the child or young person feels comfortable, is likely to 
be most conducive for productive research meetings.’ (O'Kane 2000 p151), 
however it is also true that the school setting brought with it established 
relationship patterns and protocol in the form of behaviour, learning style and 
‘teacher/ pupil’ relationships all of which had an impact on the project progress. 
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The materials developed in support of these teaching sessions were developed 
from the Monograph Series  (Ernest 1994) and (Kellett 2005).  The former gives 
authoritative research advice and the latter explores the presentation of this for 
school age children. 
 
The taught sessions were planned as follows:  
Session 1:  Research in Science Learning and Teaching 
Exploring some key definitions, approaches to research and the kinds of data 
collection they might use, ethical considerations and the research cycle. 
Refining their questions and identifying aims. 
 
Session 2:  Useful techniques; questionnaires & interviews 
Examining sample interview transcriptions and considering what they can tell 
us.  Practical experience of using a prepared interview schedule; pairs will 
practice interviewing and being interviewed about their research questions.  
These interviews were taped and transcribed in time for the next session.  A 
range of questionnaires was shared and discussed.  Time allowed for preparing 
interview schedules and questionnaires which were then finished 
independently. 
 
Session 3:  Preparing for data collection 
Checking and amending questionnaires and schedules ready for data 
collection. Discussion of the sample to be selected and the practicalities of 
consistency of introduction, access to sample group and equipment to be used.   
 
Session 4:  Analysing data 
Completed questionnaires analysed using Excel with support.  Interview 
transcripts scrutinized.  Findings discussed in light of research question. 
 
Session 5:  Writing for publication/ presentation 
An example of a report written by a previous year 6 pupil was shared and 
critiqued.  Key elements of a research report identified and relevant readings for 
each question area provided.  Drafting and editing support available for 2 
subsequent sessions.  Interest in publishing some part of these reports 
established. 
132 
 
 
There is considerable content in each of these sessions even at the level 
suitable for able year 8s.  Content was adjusted as needed and additional 
support sessions planned as necessary with pairs or the whole group.  Support 
from the school in terms of meeting times and rooms or time on computers was 
negotiated with the head of lower school as necessary.  Email contact with the 
group or pairs was also be set up to allow extra feedback and file sharing. 
 
5.2.4.1: Dissemination of Co-Researchers’ Reports 
 
The final reports prepared by the pairs were submitted to the headteacher and 
posted on the school website in the first instance and later on a national website 
for children’s research: 
  (http://childrens-research-centre.open.ac.uk/research.cfm) .  Findings were 
also presented at a school assembly in the autumn term and preparation for 
presentation at the Association for Science Education in January 2006 was also 
planned although ultimately this was in the form of posters.  The researcher 
group also presented to a regional conference for secondary teachers in March 
2006. 
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5.2.5: Data Collection Methods. 
 
5.2.5.1: Background Data 
 
The attitude study data is key to setting the background to the co-researcher 
study and analysis of the range of views in the cohorts over time both for 2 
years before and the following year is helpful in setting the scene.  This is in the 
form of questionnaires and semantic differential scales designed and piloted in 
collaboration with primary aged children and collected from years 5 – 9 over 3 
years.  Ethical approval and consent for this was obtained from the university, 
school and parents involved and the data collection was conducted by myself 
and one other researcher or by form tutors following a procedure script to 
ensure equivalent introduction. 
Data were also drawn from a study of the School Ofsted Reports, school 
website and Local Authority website to enable an overview of the context of the 
school from a social perspective and from school records and the Department 
for Education website to gain an overview of attainment in the school compared 
to the sector. 
Background information about the co-researchers was drawn not only from 
interviews with them (see below) but also from school records, annual reports 
and pen portraits from their science tutors. 
 
5.2.5.1: Interviews 
 
A key method used throughout this study is interviewing which Schostak says 
‘can be described in terms of individuals directing their attention towards each 
other with the purpose of opening up the possibility of gaining an insight into the 
experiences, concerns, interest, beliefs, values, knowledge and ways of seeing, 
thinking and acting of the other.' (Schostak 2006 p10).  His focus is on the 
complexity of this kind of social interaction to which the baggage and 
understanding of self, that we all bring, contributes.  Oppenheim (Oppenheim 
1992) offers helpful guidelines when conducting interviews including the 
importance of a setting that is ‘private, quiet and comfortable’, prior organisation 
and key skills such as ‘a somewhat neutral presence, a friendly and interested 
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manner, extensive experience and insightful traffic management’ (Oppenheim 
1992 p70) but I agree with Schostak who warns that an interview is always ‘a 
partial (both incomplete and biased) view of particular states of affairs or 
events.’ (Schostak 2006 p15).  True neutrality is unobtainable and therefore the 
pursuit of it is dangerous if it convinces us that we are no longer influenced by 
our own preconceptions and that our participants are not affected by their 
perceptions of us as researchers.  By becoming a ‘witness’ (Schostak 2006) in 
an interview we take on a twofold responsibility to our relationship with the 
participant and the wider research community.  For the former we should 
present their offered view as accurately as possible within its context and to the 
latter look to affirm or contrast it through triangulation with other perspectives. 
Preparation for the interview affects the interview outcomes, the choice of room 
or time, the way the invitation is phrased and the format of the phrasing of 
questions and rigidity to which the focus is adhered to by the researcher all 
impact on the depth, extent, honesty and understanding of the answers given.  
There is much guidance on this in the literature and my own experience has led 
me to develop a semi-structured interview  (Radnor 2001) approach in which 
shared questions form the skeleton of a discussion that through active listening 
picked up on and followed participants interests and ideas where they appeared 
relevant to the central interview focus.  I used this technique as a main strand of 
my data collection in a variety of ways: conducted by myself on a regular basis 
as questions arose during interventions, to elicit views from teachers and also 
conducted by the co-researchers practicing their interviewing techniques with 
each other and the participants in their own research.  The nature of the data 
collection was clearly set out at the beginning of all interviews and the right to 
participate or not maintained. 
 
5.2.5.3: Discussions  
 
During both support sessions and research methods sessions I established 
early on the practice of tape recording at all times as a norm.  This was initially 
discussed with the co-researchers to explore the reasons for doing so 
(maximum data collection) and their rights to alter this practice as needed.  
Earlier work on the pilot study indicated that after initial awkwardness, the 
constant use of a tape-recorder became unnoticed and that the children 
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prompted its use if it was omitted for any reason.  All tape recording was 
transcribed and shared with the group and the co-researchers chose it as a tool 
for their own research, when they wanted to think something through and to 
help with drafting their reports.  On very rare occasions when they wanted to 
discuss something private or about which they were very uncertain they 
indicated this and switched the machine off.  This reinforced my perception that 
they were aware they were being recorded, were able to choose not to when 
they preferred to and that therefore recorded sessions were consciously agreed 
to. 
 
5.2.5.4: Field notes and Email communication 
 
I used an A5 hardbound notebook throughout the research which I introduced to 
the co-researchers at the first session.  This was a working diary that recorded 
my own thoughts, decisions the group came to and items to be actioned.  I 
noted some things at the time of working with the co-researchers but also my 
reflections after working with them when impressions were clear in my mind.  
The co-researchers modelled this practice in their own work too (variably over 
time and between individuals) and we clarified that all written communication by 
email was similar in that it was part of the field note diary. 
 
5.2.5.5: Written work 
 
The final reports completed by the co-researchers are recognised as their own 
work and have been published to school and Open University website under 
their own names.  They also prepared poster and powerpoint presentations of 
their research for particular conference audiences.
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5.2.5.6: Overview of Data Collected 
 
Background Data  
 Catchment information available through the school prospectus, school, 
local authority and Ofsted websites. 
 School results and benchmarking data through school office and 
department for education websites.  
 Co-Researcher : attainment records to date from school office data,  
pupil profile summaries from school staff.  
Quantitative Data 
 Data on changing attitudes to school science through the longitudinal 
attitude study. 
Qualitative Data 
 Transcriptions of Interviews 
o conducted by the co-researchers within their research  
o conducted by myself with the co-researchers at key points 
o conducted by myself with staff in the following term. 
 Transcription of discussions - during the training and support sessions in 
the summer term. 
Field notes  
 In the form of a diary; responses, plans, noted comments and 
observations.   
Email communication  
 Between myself and the co-researchers concerning procedural points 
and their working documents and final reports. 
 Between myself and the school concerning practical organisation and 
observations of note 
Written Work 
 Completed research reports 
 Presentations for regional conference 
 Posters for ASE conference 
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5.3: Summary: the contribution of each data set to the 
research questions 
 
The questions I set out to answer when designing this project relate to the 
impact of working as a co-researcher on the participants attitude to school 
science and their own understanding of themselves as learners and on the 
school in terms of engaging and valuing their views.   Additionally, through their 
own reports and discussions I hoped to gain a deeper insight into what makes 
good science learning in schools from that critical point of view – that of the 
learner. 
 
These areas of focus are broad by design since the nature of the research 
approach adopted demands that the co-researchers working with me have an 
influence during the process and that I pay attention to them as experts in their 
own field.  As O’Brien comments 'it is aspects of childhood that are being 
explored and thus it is children and young people who have superior knowledge 
about this.' (O'Brien and Moules 2007 p397).  By using elements of participatory 
action research methodology and analysing data using a multi grounded theory 
approach I have embedded the co-researchers contributions and 
understandings at the heart of the theory developed throughout this study. 
 
The data collection techniques have been chosen carefully to satisfy the need 
to have a variety of information sources in order to triangulate impressions 
formed from the study and to offer participants a range of ways to phrase their 
contributions.  Data collection is consciously biased towards representing the 
views of the co-researchers through their own words, but each strand of data is 
also supported by data from at least one alternative source and at least one 
alternative means of expression.  For example, the objective of analysing the 
changing view of the participants is largely evidenced through Co-researchers’ 
comments in interview and discussion but this evidence is triangulated through 
their own writing, my field notes and the views of school staff set against the 
background of the attitude study data.   
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Research 
Question 
Relevant Data Collected Contributors  Timing 
1.  How might 
working as a co-
researcher impact 
on attitude to 
learning science? 
Attitude study data participants 2003 - 6 
Transcriptions of Interviews by 
myself with the co-researchers 
Co-researchers Summer 2005 
 Transcriptions of follow up 
Interviews 
Co-researchers & 
school staff 
2005 -7 
 Transcription of Discussions 
during sessions  
Co-researchers Summer 2005 
 Field notes  myself 2005 & 6 
 Completed research reports Co-researchers Summer 2005 
 Presentations & Posters for 
conferences 
Co-researchers 2005 & 6 
 
 
Research Question Relevant Data Collected Contributors  Timing 
2.  What are the 
consequences of 
working as a co-
researcher?  
 
understanding of 
science? 
understanding of 
science processes? 
understanding of 
research? 
understanding of 
own learning? 
Attitude study data participants 2003 - 6 
Transcriptions of Interviews 
by myself with the co-
researchers 
Co-researchers Summer 2005 
Transcriptions of follow up 
Interviews 
Co-researchers & 
school staff 
2005 -7 
Transcription of Discussions 
during sessions  
Co-researchers Summer 2005 
Field notes  Co-researchers 2005 & 6 
Email communication  Co-researchers 2005 
Completed research reports Co-researchers Summer 2005 
Presentations & Posters for 
conferences 
Co-researchers 2005 & 6 
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Research 
Question 
Relevant Data Collected Contributors  Timing 
3.  What do we 
find out about 
good science 
lessons? 
 
Transcriptions of Interviews 
by co-researchers  
Co-researchers & 
participants 
Summer 2005 
Transcriptions of Interviews by 
myself with the co-researchers 
Co-researchers Summer 2005 
Transcriptions of follow up 
Interviews 
Co-researchers & 
school staff 
2005 -7 
Transcription of Discussions 
During sessions  
Co-researchers Summer 2005 
Field notes   myself 2005 & 6 
Completed research reports Co-researchers Summer 2005 
Presentations & Posters for 
conferences 
Co-researchers 2005 & 6 
 
 
Research Question Relevant Data Collected Contributors  Timing 
4.  How does the 
school build on this 
via further student 
research? 
Transcriptions of follow up 
Interviews 
Co-researchers & 
school staff 
2005 -7 
Field notes  Co-researchers 2005 & 6 
Email communication  Co-researchers 2005 
Table 5.3  A summary of data for each research question 
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Data Collected Contributors  Timing Research 
Questions 
Attitude study data participants 2003 - 6 1 & 2 
Co-researcher attainment records 
and profiles 
School records 2005 - 10 1 & 2 
Transcriptions of Interviews 
by co-researchers  
Participants and co-
researchers  
Summer 2005 3 
Transcriptions of Interviews by 
myself with the co-researchers 
Co-researchers Summer 2005 1, 2 & 3 
Transcriptions of follow up 
Interviews 
Co-researchers & 
school staff 
2005 -7 All questions 
Transcription of Discussions 
during sessions  
Co-researchers Summer 2005 1, 2 & 3 
Field notes  Co-researchers 2005 & 6 All questions 
Email communication  Co-researchers 2005 2 & 4 
Completed research reports 
(Appendices 17 – 21) 
Co-researchers Summer 2005 1, 2 & 3 
Presentations & Posters for 
conferences 
Co-researchers 2005 & 6 1, 2 & 3 
Table 5.4: Contribution of each data set to research questions. 
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Chapter 6 Results and Analysis 
 
6.1: Quantitative Data 
 
6.1.1: Checking the Attitude Scale 
 
Having developed the scale with the Pilot study data it was important to ensure 
that it was fully reliable with the data collected for the main project.  Whilst well 
established scales might be expected to be reliable across multiple 
disconnected data sets (Lincoln et al. 2011) the attitude scale I had developed 
had only been tried with a very small sample in a different year group and 
setting and therefore its performance needed to be tested with the population 
relevant here.  Cronbach Alpha was therefore calculated for each of the year 
groups to give a measure of reliability and ensure that further exploration of 
data was relevant. 
 Is the scale reliable when used with Y7, Y8 and year 9? 
Data were collected from all pupils in the target cohort in three consecutive 
years (years 7, 8 and 9) from September 2003  to September 2005.  The three 
years responses were explored separately since these were largely repeated 
tests completed by the same subjects at different times and were therefore not 
independent cases.  For each year group the Cronbach Alpha was calculated 
using SPSS and were greater than .7 in all cases (see Table 6.1).  This 
indicates that the scale is reliable with the sample for all three year groups.  
 
Cronbach Alpha was also calculated for the scale if each item was removed and 
confirmed that each one contributed to the complete scale, ie the Cronbach 
Alpha value was not improved if any item was deleted.  Appendix 6 contains an 
example of the SPSS output for year 8. 
 Reliability Statistics   
 Cronbach's Alpha N of Items 
Cronbachs alpha is above .7 for each set of 
measurements over all three years - so the scale 
is reliable with all three data sets. 
Year 7 (n=89) .750 15 
Year 8 (n=121) .849 15 
Year 9 (n=117) .884 15 
Table 6.1: Cronbach Alpha scores for scale with each year 
group. 
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These results indicate that the scale can be used to measure an overall attitude 
in the cohort over the three year period, since all items are intercorrelated, and 
therefore may help identify any developing change in attitude from year to year.  
This is of particular interest in that it gives a background context against which 
the changing attitudes of the co-researcher study group can be compared.  
 
However it is important not to confuse uni-dimensionality and internal 
consistency.  A central assumption of using scales is that the items in it are 
measuring the same construct, this is not the same as internal consistency, 
measured using Cronbach’s Alpha which gives an overall correlation coefficient 
figure for the instrument.  A high value for internal consistency could be 
achieved by, for instance, all the items correlating with each other or some of 
the items correlating very strongly.  In the first instance internal consistency and 
uni-dimensionality are both present but the second instance shows internal 
consistency as measured by Cronbach’s Alpha coefficient but does not have 
uni-dimensionality. As Gardner (1996) explains “One cannot validly argue that a 
high Cronbach alpha value means that the test is uni-dimensional”  (Gardner 
1996 p918) p918.  Osborne reinforces this and suggests that  ‘It is important 
that the unidimensionality of scales are tested using an appropriate statistical 
technique (e.g. factor analysis). If a scale does measure what it purports to 
measure, then the variance should be explained by a loading on a unitary 
factor'  (Osborne 2003 p1058). 
  
The Pilot Study had already given an early indication that there might be 
underlying factors contributing to overall science attitude and identified some 
possibilities such as the belief that science has benefits for the world, that it is 
worth doing well to obtain useful results and a personal commitment to pursuing 
science as a career.    
 
A multifactor model is similar to that developed for understanding of intelligence 
in which distinct intelligences such as kinaesthetic, verbal, numerical, spatial, 
physical or emotional have already been identified (Adey and Shayer 2002) and 
their contribution to overall intelligence shown to be complex. 
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6.1.2: Factor analysis 
 
‘The procedure of factor analysis is an analytic statistical tool which  may enable 
us to find out what (if any) are the chief underlying dimensions of a set of 
variables, attributes, responses or observations.’  (Oppenheim 1992 p166) 
Pallant (2001) suggests that in order to confirm that factor analysis is 
appropriate the strength of correlations between items should be checked and 
that the sample size should be robust for the number of items making up the 
scales.  
The Strength of intercorrelations: Field indicates that overall correlations 
should be neither too small (less that 0.3) nor too strong.   
'for factor analysis it is important to avoid extreme multicollinearity (ie 
variables that are very highly correlated) and singularity (variables that 
are perfectly correlated).' 
'multicollinearity causes problems in factor analysis because it becomes 
impossible to determine the unique contribution to a factor of the 
variables that are highly correlated.'  (Holmegaard et al. 2014 p648) 
 
Correlations for each year group were examined using a correlation matrix 
(Appendix 7: Correlation Matrices) and this was very encouraging as a good  
number of medium and high correlations resulted in each case. 
Additionally the Kaiser-Meyer- Olkin measure of sampling adequacy (KMO) and 
Bartlett’s test of sphericity (BTS) were calculated for each year group.  The 
KMO tests what proportion of the variance is likely to be caused by underlying 
factors (IBM 2011).  Factor analysis is indicated when KMO is high 
(approaching 1.0) which is the case for all year groups (Table 6.2).  BTS tests 
the assumption that the items are not related (IBM 2011) and so factor analysis 
is indicated when the BTS value is less than .05.   
 
KMO and Bartlett's Test Year 7 Year 8 Year9 
Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy. 
.728 .862 .870 
Bartlett's Test of 
Sphericity 
Approx. Chi-Square 501.355 501.355 678.900 
df 105 105 105 
Sig. .000 .000 .000 
Table 6.2: KMO and Bartlett’s Test of Sphericity 
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The values in table 6.2 for both KMO and BTS for all year groups support the 
idea that factor analysis is appropriate in this case. 
  
The Sample size should be as large as possible and a ratio of 10: 1 cases to 
items is suggested by Nunnally (Nunnally 1978) although other researchers 
have variously suggested ratios or half that size (Arrindell and J. 1985).  To 
satisfy Nunnally’s benchmark would indicate that 150 cases is preferable for the 
BEEScore scale which is higher than the number present in each year group 
(year 7=89, year 8=121, year 9=117).  The ratio in this case is nearer 3:1 for the 
smallest sample ( year 7). 
 
However , Arrindell and van der Ende considered the evidence for these claims 
and concluded that ‘observations to variables ratio did not influence factor 
stability, the important variable being the absolute number of observations. An 
N = 50 was shown to be the minimum to yield a clear, recognizable factor 
pattern. ' (Arrindell and J. 1985 p167) .  This minimum sample size is satisfied 
by all data sets and combined with the support for factor analysis from the 
correlation matrices, KMO and Bartlett’s Test I decided to continue.  
 
Calculation of Total variance using SPSS, indicates only first 3 recorded 
eigenvalues above 1 (year 8 & 9) which together explain a total of 51.1% (year 
8) and 57.3% (year 9) of variance.  Year 7 data indicates 5 eigenvalues above 1 
with the first 3 explaining 44% of variance. 
(Scree plots for each year group are given in Appendix 8). 
 
First analysis of the scree plots for the point of inflexion and eigenvalues greater 
than1 suggested that 5 factors could be extracted for the year 7 sample and 3 
factors for years 8 and 9.  However when the five factors for year 7 were 
inspected factors 4 and 5 only had 1 item correlated at 0.5 or more indicating 
that they were not worth pursuing.  For this reason I ran the analysis for 3 
factors for each year group (Holmegaard et al. 2014). 
 
A 3 factor extraction analysis for each year group identified factors that matched 
well across the year groups, with relatively consistent correlations of items 
(Table 6.3).   This supported a confident identification of consistent factors that 
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are not only meaningful but also allow comparisons between the year groups 
and the potential to identify trends.  On closer inspection these factors were 
also consistent with those identified during the pilot study, which further 
supported confidence in their identity and underlying meaning. 
 
  
 
YEAR 
7 
YEAR 
8 
YEAR 
9 
YEAR 
7 
YEAR 
8 
YEAR 
9 
YEAR 
7 
YEAR 
8 
YEAR 
9 
too much science       .652 .755 .664    
scientist       .682 .672 .732    
watch science TV      .562 .487 .746    
science at home       .441 .563 .753     
club       .508 .819 .542     
different ideas           .430 .760 .837 .481 
listening        .557   .592 .309 .708 
recording results             .439 .345 .810 
healthier .614 .690 .830           
better world .683 .730 .805           
solve problems .614 .632 .751           
good for 
everybody 
.493 .587 .574        
money   .416 .575 .486 .390 .474       
useful in everyday 
life 
.782   .537   .560     .431 .365 
creative ideas   .331 .458      .650 .661   
 SCIENCE IS GOOD 
FOR THE WORLD 
I WANT TO BE 
INVOLVED 
SCIENCE IS WORTH 
DOING WELL 
Table 6.3:  Examination of the rotated component Matrix  
for each year group indicates very similar factors are identified 
in all three year groups.   
 
  
 
Component 
Rotation Sums of Squared Loadings 
 Total % of Variance Cumulative % 
Year 7 1 2.370 15.803 15.803 
Year 8 2 2.411 16.073 38.851 
Year 9 1 3.382 22.547 22.547 
Year 7 2 2.265 15.097 30.900 
Year 8 1 3.417 22.778 22.778 
Year 9 2 3.169 21.125 43.673 
Year 7 3 1.960 13.064 43.963 
Year 8 3 1.840 12.264 51.115 
Year 9 3 2.039 13.591 57.264 
 Extraction Method: Principal Component Analysis. 
Table 6.4: Total Variance Explained 
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Three factors explains 43% of the variance in year 7, 51% in year 8 and 57% in 
year 9 and can be described as wanting to be involved (F2), considering 
science to be good for the world (F1) and considering science process as useful 
(F3) 
 
Of  the 15 items most map strongly onto only one factor.  The five that overlap 
are: beedif  and beelis which contribute to factors 2 & 3; beemon which 
contributes to factors 1 & 2; beeuse which contributes to all 3 factors and 
beecre which contributes to 1 & 3.  
 
The derived factors can be described as follows 
Factor 1 comprises items such as science makes the world a healthier, better 
place, solves problems and is good for everyone.  More money should be spent 
on science, its useful in everyday life and involves creative ideas also contribute 
but overlap.  This factor could be described as Science is good for the world. 
 
Factor 2 includes items such as we (don’t) do too much science in school 
(reversed item), I’d like to be a scientist, I do science at home and watch 
science programmes on TV and science clubs are a good idea.  Listening is 
important in science, science is about different ideas and is useful in everyday 
life and more money should be spent on science also contribute to this factor 
but overlap.  This factor could be described as I would like to be involved in 
science. 
 
Factor 3 includes items such as: science is about having different and creative 
ideas, listening well and recording carefully.  It also includes reference to 
science being useful in everyday life.  Putting these items together might involve 
combining an understanding of the process of science (listening, recording and 
thinking of new ideas) as relevant and useful.  This factor could be described as 
Science process is useful in daily life  
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Factor 1:  
SCIENCE IS GOOD FOR 
THE WORLD 
Factor 2: 
 I WANT TO BE INVOLVED 
IN SCIENCE 
Factor 3:  
SCIENCE PROCESS IS 
USEFUL IN DAILY LIFE 
healthier too much science * recording results 
better world scientist  
solve problems watch science TV  
good for everybody science at home  
 club  
 different ideas different ideas 
 listening listening 
money money  
creative ideas  creative ideas 
useful in everyday life useful in everyday life useful in everyday life 
Table 6.5:  Items contributing to each of the derived factors. 
 
Scores for these factors (F1world, F2involve and F3dowell) were calculated for 
all cases across all years and internal consistency for each factor was checked. 
 
     
 N of 
Items Cronbach's Alpha Year 7 
Year 8 Year 9 
F1: world 7 .785 .694 .761 .848 
F2: involve 9 .792 .618 .801 .846 
F3: dowell 5 .674 .573 .710 .683 
Table 6.6: Reliability Statistics 
 
Factor 3 results showed that it was not reliable with the sample for years 7 and 
9 and this also makes sense in terms of overlapping factors identified in Table 
6.6 above.  Factors 1 and 2 are therefore principally used in further analysis of 
the scale along with the overall BEEscore and Factor 3 considered with 
reservations. 
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6.1.3: Comparing attitudes to school science from year to year. 
 
In order to test the changes in scores for each factor and the overall BEEScore 
between year groups I first checked that each data set satisfied normality tests 
and considered histogram and Q-Q plot outputs from SPSS. (Examples of 
Normality tests are given in Appendix 9) 
 
Year and 
Scale 
Kolmogorov-
Smirnov 
Shapiro-Wilk Histogram Q-Q Plot 
Year 7 
BEEScale 
.094 .035 
Strong mode 
but 
reasonable 
Good fit, one 
clear outlier 
Year 7 F1: 
world 
.037 .011 
Positive skew 
and 4 modes 
Reasonable 
fit, lower end 
outliers 
Year 7 F2: 
involve 
.052 .044 
A little peaked 
but 
reasonable 
Clear outlier, 
otherwise 
close fit 
Year 7 F3: 
dowell 
.003 .001 
Poor normality 
curve 
Poor fit 
Year 8 
BEEScale 
.200 .298 
Double mode, 
good curve 
Good fit, two 
outliers 
Year 8 F1: 
world 
.055 .201 
Negative skew 
but 
reasonable 
curve 
Good fit, two 
outliers 
Year 8 F2: 
involve 
.200 .545 
Reasonable 
curve 
Good fit, two 
outliers 
Year 8 F3: 
dowell 
.000 .000 
Very positively 
skewed 
Lower end 
distorted  
Year 9 
BEEScale 
.040 .235 
Reasonable 
curve 
Good fit, three 
outliers 
Year 9 F1: 
world 
.003 .000 
Peaked but 
reasonable 
Good fit at 
upper end, 
outliers 
Year 9 F2: 
involve 
.028 .489 
Peaked but 
reasonable 
curve 
Good fit 
Year 9 F3: 
dowell 
.000 .000 Strong  mode 
3 clear outliers 
at lower end 
Table 6.7: Normality tests for factors in each year group. 
 
The Shapiro- Wilk test was used as the main indicator for normal distribution 
and this was satisfied for BEEScale and F2 in year 8 and 9 samples.  Year 7 
samples return satisfactory values for the Kolmogorov-Smirnov test but not for 
Shapiro-Wilk.  However this year group has the smallest sample size and 
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normality tests are difficult to satisfy with small groups despite acceptably 
normal distributions when Histograms and Q_Q plots are considered.  In this 
case the histograms for BEEScale and F2 in year 7 show acceptable 
distributions and the data matches the Q-Q Plot line well – therefore the 
samples are accepted as normally distributed and relevant tests chosen as a 
result.   
Normality tests can therefore be interpreted to indicate that it is reasonable to 
assume normality for the BEEScore and F2 across all year groups. 
Tests for normal distribution for F1 give variable results across the year groups 
and F3 does not satisfy any indicator of normal distribution.  
 
I wanted to look at trends in attitude scores across the three years and in 
particular between year 8 and year 9.  The tests used to compare scores 
depends on normal distribution of scores in the sample; normal distribution is a 
pre-requisitve for using paired sample t tests, those samples that do not satisfy 
normality can be compared using Wilcoxon Signed Rank Tests.  The full output 
from a sample for each type of test is given in Appendix 10. 
 
Questions asked for each score (BEEScore, F1, F2 and F3): 
Is there a significant change in scores between year 7 and year 9? 
Is there a significant change in scores between year 7 and year 8? 
Is there a significant change in scores between year 8 and year 9? 
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Question 
Normality 
accepted? 
Test used output 
Change in 
BEEScore: 
Year 7 - 9 
yes 
Paired 
sample t test 
0.916 = No significant 
difference 
Change in 
BEEScore: 
Year 7 - 8 
yes 
Paired 
sample t test 
0.507 = No significant 
difference 
Change in 
BEEScore: 
Year 8 - 9 
yes 
Paired 
sample t test 
0.049 = Significant difference 
Change in F1: 
Year 7 - 9 
no 
Wilcoxon 
Signed Rank 
Tests 
0.000 = reject null hypothesis 
Change in F1: 
Year 7 - 8 
no 
Wilcoxon 
Signed Rank 
Tests 
0.002 = reject null hypothesis 
Change in F1: 
Year 8 - 9 
no 
Wilcoxon 
Signed Rank 
Tests 
0.678 = retain null hypothesis 
Change in F2: 
Year 7 - 9 
yes 
Paired 
sample t test 
0.133 = No significant 
difference 
Change in F2: 
Year 7 - 8 
yes 
Paired 
sample t test 
0.311 = No significant 
difference 
Change in F2: 
Year 8 - 9 
yes 
Paired 
sample t test 
0.089 = No significant 
difference 
Change in F3: 
Year 7 - 9 
no 
Wilcoxon 
Signed Rank 
Tests 
0.37 = reject null hypothesis 
Change in F3: 
Year 7 - 8 
no 
Wilcoxon 
Signed Rank 
Tests 
0.667 = retain null hypothesis 
Change in F3: 
Year 8 - 9 
no 
Wilcoxon 
Signed Rank 
Tests 
0.001 = reject null hypothesis 
Table 6.8:  Results of tests on change from year to year 
 for BEEScore and Factors 1-3 
 
Significant changes in scores for BEEScore and F3 between year 8 and year 9 
and F1 between year 7 and year 8 are recorded here and overall changes 
between year 7 and year 9 are significant for F1 and F3.  This difference in 
change between the three factors and the overall attitude score reinforces the 
value of factor analysis with this data and indicates a complex shift in the 
changes in attitude over these 3 years for the cohort as a whole. 
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In order to investigate this situation in more detail I calculated the mean scores 
for each year group, standardising them for the number of items making up 
each score in order to compare the rate of change and total value between 
them.  Table 6.9 gives these values. 
Standardised scores for 
comparison = Mean 
values / number of items 
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Number of items 15 7 9 5 
Year 7 3.5 3.5 3.4 4.2 
Year 8 3.5 3.7 3.3 4.1 
Year 9 3.4 3.7 3.2 3.9 
Table 6.9:  standardised mean scores for comparison. 
 
Overall attitude is reflected in the BEESCORE values which show a slight 
decline over the three years (only significant over year 8/9 period) 
F1 – considering science to be good for the world shows a significant rise – the 
majority of which occurs in year 7   
F2 – wanting to become involved in science shows a steady decline.  (not 
statistically significant) 
F3 – science process is useful in daily life as a factor does not have internal 
consistency and so results are not reliable.  However, it does show a marked 
decline, which is significant overall, and particularly between year 8 and year 9. 
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The general trend is for all scores to fall over the course of year 8 apart from F1 
(science is good for the world) which remains constant.  
 
These results make an interesting comparison with other reported attitude 
studies which include reports of a steady decline in attitude to school science.  
Overall BEEScore reflects a similar trend but the factor analysis allows a more 
detailed evaluation of what is going on underneath this trend.  It would appear 
from these results that pupils’ appreciation of the value of science for the world 
is rising but is masked by a decline in interest in being involved in science 
across the year group. This ‘divergence between positive attitudes to science 
including school science, and a (lack of) interest in becoming a scientist’ is in 
line with more recent research (DeWitt et al. 2014 p1623).  
That appreciation of the value of science rises from year 7 to 9 is encouraging 
and indicates that school science is succeeding in its aim to educate about the 
use of science to society as a whole.  The fall in interest in becoming a scientist 
is less encouraging, especially in the light of decreasing numbers of pupils 
going on to study science and pursue a science related career.  However, it is 
worth noting that these results are for all pupils in a given cohort and take no 
account of their potential attainment in science.  Whilst a desire to pursue 
science further is desirable in those who will succeed in science, for those with 
other talents it is a good thing if they decide to pursue other subjects in their 
own personal study and career.  It would be interesting to explore the 
relationship between attitude to and attainment in science further to see 
whether this overall decline masks the polarisation of F2 as pupils make up their 
minds about their own talents and decide on career paths accordingly and with 
increased certainty. 
 
6.1.4: Comparison of CoR attitude scores against cohort data  
 
Having established an understanding of the background attitude development of 
the whole cohort over the three year period, I went on to compare the change in 
attitude of groups within the cohort, with particular attention to the Co-
Researcher group and the year of the Co-Researcher project (year 8 – year 9).  
Most of the Co-Researcher group (CoR) were in the top set, but not all (2 out of 
the 8 were from the lower set) so I decided to compare the change in attitude of 
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the CoR group against the whole cohort (all), the top set (Group 1) and the 
lower sets (Group 2). It is important to note that the Co-Researcher’s were 
separated out from all the other sets.  All comparisons made therefore are 
between independent sets. 
 
Group description excluding Number in 
group 
CoR  Co Researcher 
group 
All others 8 
 All Whole cohort  CoR 103 
Group 1  Top Set  Lower set and CoR 41 
Group 2 Lower Set  Top set and CoR 62 
Table 6.10: groups for comparison. 
 
The change scores were established for all cases by finding the difference in 
scores for year 8 and year 9 for BEEScale, and for each of the underlying 
factors: F1, F2 and F3. 
 
Change between year 8 & 9 in overall attitude to science: 
Change89BEE  =  Y9BEEscore  -  Y8BEEscore 
Change between year 8 & 9 in belief that science is good for the world: 
Change89F1  =  Y9F1world   -  Y8F1world 
Change between year 8 & 9 in wanting to be involved in science: 
Change89F2  =  Y9F2involve   -  Y8F2involve 
Change between year 8 & 9 in believing that science is worth doing well: 
Change89F3  =  Y9F3dowell   -  Y8F3dowell 
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These new items were tested for normality for all groups using tests similar to 
those reported above (see Appendix 9).   
  
Normality tests, including consideration of the histograms, were interpreted to 
indicate that it is reasonable to assume normality for the changes in overall 
attitude (Change89BEE) and interest in being involved in science 
(Change89F2) across all groups and between Co-Researchers (CoR) and 
Group 1 (Top Set) for all change scores. 
Non-parametric tests were used for comparison of change in belief that science 
is good for the world (Change89F1) and change in belief that it is worth doing 
well (Change89F3) with Group 2 (Lower set) and the whole cohort (all).   
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Question: 
Difference in 
Change 
Normality 
accepted? 
Test used 
Significance 
(Levene’s Test 
fort tests only) 
Result  
in BEEScore: 
CoR & all 
yes 
Independent 
sample t test 
0.318 equal 
variances 
assumed 
0.040 = 
significant 
difference 
in BEEScore: 
CoR & Group 1 
yes 
Independent 
sample t test 
0.272 equal 
variances 
assumed 
0.048 = 
significant 
difference 
in BEEScore: 
CoR & Group 2 
yes 
Independent 
sample t test 
0.365 equal 
variances 
assumed 
0.045 = 
significant 
difference 
in F1:world 
CoR and all 
no 
Independent 
Samples 
Mann Whitney 
U Test 
N/A 
0.002 = 
significant 
difference 
in F1:world 
CoR & Group 1 
yes 
Independent 
sample t test 
0.145 equal 
variances 
assumed 
0.100 = No 
significant 
difference 
in F1:world 
CoR & Group 2 
no 
Independent 
Samples 
Mann Whitney 
U Test 
N/A 
0.001 = 
significant 
difference 
in F2:involve 
CoR & all 
yes 
Independent 
sample t test 
0.515 equal 
variances 
assumed 
0.021 = 
significant 
difference 
in F2:involve 
CoR & Group 1 
yes 
Independent 
sample t test 
0.433 equal 
variances 
assumed 
0.027 = 
significant 
difference 
in F2:involve 
CoR &Group 2 
yes 
Independent 
sample t test 
0.605 equal 
variances 
assumed 
0.026 = 
significant 
difference 
in F3:dowell 
CoR & all 
no 
Independent 
Samples 
Mann Whitney 
U Test 
N/A 
0.001 = 
significant 
difference 
in F3:dowell 
CoR & Group 1 
yes 
Independent 
sample t test 
0.284 equal 
variances 
assumed 
0.133 = No 
significant 
difference 
in F3:dowell 
CoR & Group 2 
no 
Independent 
Samples 
Mann Whitney 
U Test 
N/A 
0.000 = 
significant 
difference 
Table 6.11: Results of Tests on rates of change between groups 
 
The results in Table 6.11 indicate that the Co-Researcher (CoR) group’s  overall 
attitude to science changed in a significantly different way to all other groups.  
There was also a significant difference between the development of attitude as 
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reflected in all the underlying factors in the CoR group to the year group as a 
whole and to the lower sets.  In fact it is easier to identify where there was no 
significant difference than where there was!  The two comparisons that did not 
yield a significant difference was in looking at the development of belief that 
science is of benefit to the world (F1: world) and the development of belief that 
science is worth doing well (F3: dowell).  The CoR group and the top set (Group 
1) were not significantly different in these areas. 
 
Whilst  a difference between the CoR group and the whole year group and 
between them and the lower sets might have been predicted it is more 
surprising that there was a difference between this group and the top set since 
most of them were in this set for their science lessons.  The Co-Researchers 
might be expected to have similar aptitude for and attitude to the subject if 
ability, achievement and self belief is indeed linked to attitude.   However these 
results indicate that the CoR group developed a much more positive attitude to 
science as a whole and a more positive disposition to pursue science into 
further study or a career than the top set within their year group.   
 
These results warranted more investigation into the direction of this change and 
potential explanation for it.  In order to explore this further I looked at mean 
scores for each group for all factors (Table 6.12 below shows the full range of 
mean scores for each group over the three years, for overall attitude and for 
each underlying factor) and considered the change over the three years.  
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whole 
cohort 
n=102 52.9 24.8 30.5 20.9 52.6 26.1 29.4 20.6 51.1 25.8 28.6 19.7 
 set 1  
n=41 52.4 24.9 29.9 20.8 52.2 25.8 29.2 20.3 51.9 26.3 29.2 19.4 
 set 2  
n=62 53.1 24.9 30.9 21.0 52.7 26.1 29.6 21.0 50.0 25.1 28.0 19.6 
 CoR  
n=8 53.1 24.0 31.4 20.0 53.3 27.0 28.9 20.0 55.6 28.9 30.8 21.1 
Table 6.12:  mean scores for groups 
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Overall Average BEEScore: 
In year 7, the top set (set 1) average BEEScore (52.4) is surprising, being 
slightly lower than that of the cohort as a whole (52.9) but whilst set 1 average 
BEEScore continues to decline slightly over the three years it does not decline 
as fast as the lower set (set 2) or the year group as a whole and by year 9 the 
top set has a more positive overall attitude to science (51.9) compared to the 
whole cohort (51.1).  This low early score might be attributable to more able 
students finding the year 7 science insufficiently challenging (Pell and Jarvis 
2001; Hargreaves and Galton 2002; Jarvis and Pell 2002) compared to less 
able scientists who were more likely to be enthused by the move to their 
secondary school and the anticipation of exciting ‘real science’.   
 
The CoR group, who start year 7 with the same average BEEScore as set 2 
(although most of them were in set 1) showed a small improvement in average 
BEEScore from year 7 (53.1) to year 8 (53.3).  This was much more marked 
during the time when they were working as co-researchers from year 8 (53.3) to 
year 9 (55.6) in contrast to a decline in average BEEScore in all three other 
groups.  Given their early positive scores and an actual increase between year 
7 and 8 (already in contrast to the rest of the cohort) a positive outcome was 
likely at the end of year 9 but the scale of the improvement is much larger than 
would be expected and might be attributed to positive reinforcement through 
their individual successes in producing their own science reports.   This will be 
discussed more in Chapter 7. 
 
Factor 1: Science is good for the world 
Whilst all groups show an increase in awareness of the value of science to the 
world during year 7 to year 8 this declines for the lower set between year 8 
(26.1) and year 9 (25.1) and returns to very nearly the original year 7 value 
(24.9).  The top set and COR group continue to rise through year 8-9 and the 
gain is not significantly different between these two groups.   
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Factor 2: I would like to be involved in science 
Average scores for Factor 2 declines over the period year 7-8 for all groups, 
most strongly for the COR group (year 7: 31.4 to year 8: 28.9), who were 
perhaps suffering from insufficient challenge.  Whilst average Factor 2 scores 
continued to deline in set 2 from year 8 (29.6) to year 9 (28.0), set 1 leveled out 
(29.2) and the COR group rises from 28.9 to 30.8 over the same period.  There 
was a significant difference between the COR group and set 1 over this period 
(which coincides with the co-researcher project).  The change in inclination to 
be involved with science might well have been part of the reason for taking part 
in the project but certainly survived it and showed a sharp, significant rise.   
 
Factor 3: Science Process is useful in daily life 
Factor 3 is the least reliable set of scores for reasons rehearsed earlier.  The 
average scores also show the least change and difference between groups, 
none of which is significant.  The impression is of a slight downward trend with a 
slight upward trend for the COR group over the period of the project.   
 
The quantitative data is useful in indicating that some difference in development 
of attitude to school science was occurring in the COR group compared to both 
the top set and the cohort as a whole over the period of the project.  However I 
agree with Osborne that whilst such data ‘are useful in identifying the nature of 
the problem, they have been of little help in understanding it,' (Osborne 2003 
p1059).  So it is the qualitative data to which I turned to understand what was 
really happening and the factors that were important in influencing this. 
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6.2: Qualitative Data: Co-Researcher Reports 
 
 
For the Co-Researchers, the main focus of the summer term was researching 
and writing their own reports on questions they had raised about learning 
science in school.  They had raised these questions as part of deciding whether 
or not to take part and paired up during the data collection, analysis and writing 
stages.  For three of the pairs these pairings appeared to be very successful 
and they commented on the support of the group as a whole and their partner in 
completing the process.  The fourth pair worked well together but had very 
definite ideas about what they wanted to write in their final report, so they 
decided to write separate reports in order to be able to voice their key points. 
 
6.2.1 Choice of Co-Researcher Project Questions1. 
 
The four projects undertaken were: 
1. How Did Girls and Boys Preferences in Science Change Between year 7 
or 8 and why? 
2. What are more effective for learning, exams or projects/ coursework? 
(Does it depend on the teaching technique?) 
3. Which area of science do students and teachers find most interesting to 
teach and be taught? 
4. How do extra-curriculum clubs affect pupils’ attitude towards science in 
school? 
or 
5. The effects of extra-curriculum clubs on science - On a small scale 
(Questions 4 and 5 were the alternative titles for the same project – written up 
independently) 
                                              
1 The full Co-Researcher reports are given in the Appendix section: 
Appendix 17: How Did Girls and Boys Preferences in Science Change Between year 7 or 8 
Appendix 18: What are more effective for learning, exams or projects/ coursework?  
Appendix 19: Which area of science do students and teachers find most interesting to teach  
Appendix 20: How does extra-curriculum clubs affect pupils’ attitude towards science in school? 
Appendix 21: The effects of extra-curriculum clubs on science - On a small scale 
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Their initial reasons for choosing their questions ranged from a passing interest 
sparked by the assembly presentation and feedback I have given to the whole 
year 7 and 8 cohort, to a genuine personal interest in the way they learnt 
themselves. 
RB and JS (Q1) had been intrigued by the contrast in their own opinions on the 
question of how preferences in science might change between year 7 and 8.  
As JS said ‘we.. answered the question differently and we wanted to find out the 
answers if boys and girls like science’. JS   The implication here seemed to be 
that there was a ‘truth’ out there that they might be able to unpick. 
They commented that they wanted to find out ‘ whether people preferred their 
science in year 7 or year 8 whether they are male or female and whether its just 
like preferences between sexes’ RB mostly because ‘I wanted to do it because I 
thought – its interesting’ JS. 
They thought it might be about personal preferences and perhaps peer 
pressure - ‘people are changing and our teachers are changing  and I think its 
about… its sort of about who is around you.’ RB 
 
In a similar way, SL and JB (Q3) were following up a suggested area of interest 
in terms of which aspects of science their peers were interested in, but they 
extended this to include how their teachers felt about the same areas – and 
whether there was a connection.  Personal interest was suggested as the prime 
motive for the choice of question in that ‘it would be interesting to find out how 
students’ and teachers’ views are different and whether they find certain areas 
of science more interesting’ JB 
However, right from the start this pair had an idea of why they were doing the 
project in terms of outcome.  Both of them mentioned that the results would be 
useful in terms of improving the teaching and learning in the school. 
‘there’s a chance of maybe teaching will be able to in future make a better 
teacher ‘ JB. In particular, SL suggested that there was a possible link between 
how the teachers felt and the learning experience in that ‘Certain things might 
be more interesting to a teacher and if they find… if they end up finding it… 
teaching it fun then the children find being taught it not ...like really boring then 
they need to change the way that they teach it.’ SL 
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AC and AH had also identified an area where they felt they wanted to know how 
to maximise their learning (Q1).  Once more the idea that there was a ‘right’ 
answer out there that they could discover is apparent and they also  had strong 
personal preferences at the start of the project (which I had encouraged them to 
acknowledge so that they could watch for bias in their interpretation).  One of 
them preferred projects ‘personally I think that projects are more effective 
because it focuses on like one thing mainly and then you have to like go into it 
in more detail than just answering one question on it in an exam.’ AH 
although they also acknowledged the benefits of both approaches.  Speaking 
about exams AH commented that ‘if you got it wrong then you know that it’s like 
the right answer – and then that will help you if you come to get that question 
again or something.’ AH 
Again, their motive was to improve the learning process and help teachers 
decide how to help their pupils revise ‘it would help them - whether you, say, 
had 3 exams a year or 3 projects a year or 1 exam or 2 exams and two projects 
which are most effective when it comes to the exams you have to take like 
GCSEs and A levels’. AC 
The final pair had work life balance in mind when they devised their question.  
In fact, the question was raised by BC initially and JL agreed to help him with it 
since he didn’t have a clear question in mind that he really wanted to explore.  
They wanted to see how clubs might influence attitude to school science, but 
behind this was how to make best use of their time.  JL commented that going 
to a club ‘takes up a load of our time.  Which means we have less time to revise 
for science’ JL although he also acknowledged that ‘extra curricular activities 
sort of gives you a break which helps you to relax from doing your work’ JL.  So 
his interest was in what contribution to his learning of science the club might 
provide – wheras BC was also interested in peoples points of view and hoped 
that exploring the link would help ‘people who set up clubs outside of school’ so 
that they could ensure people would be interested.  Whilst he did not mention 
any outside influence it may be relevant here that BC’s mother was a science 
teacher in the school and he may have been influenced in the focus of his 
research question by her.   
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6.2.2: Co-Researcher Project findings 
 
6.2.2.1: Project 1:  Gender and Year Group 
How Did Girls and Boys Preferences in Science Change 
Between year 7 or 8 and why? 
 
RB and JS gathered likeart scale data for enjoyment of science topics in years 7 
and 8 from the current year 8 cohort to look for patterns of preference between 
the year groups and between boys and girls.  Their data mapped well onto the 
published literature with boys giving a higher score for science overall although 
girls recognised the importance of science for the ‘future’.  Follow up interviews 
allowed them to unpick this a little more and they concluded that ‘when teaching 
it is important to be more specific about the application of science for girls, 
whereas for boys they just seemed to need encouraging.’ and suggested that  
the apparent preference for science in year 7 might be ‘because the teaching 
suited them following on from primary and that the topics were more interesting’  
(RB and JS 2006 p4) 
 
6.2.2.2: Project 2: Exams and Projects 
What are more effective for learning, exams or projects/ 
coursework? (Does it depend on the teaching technique?) 
 
AH and AC were concerned to find out which approach was best for learning 
rather than which one people preferred doing and spent some time carefully 
wording their questions to make sure this was clear.  In the end they were 
surprised to find that roughly half found each approach most useful – they had 
thought projects would be outright winners!  This prompted some interesting 
discussion in the sessions in which they were able to express two arguments – 
one for each approach – ‘it was quite interesting because they would say that it 
[a test] was quicker to get over and done with whereas other people said they 
liked projects cos writing it down and using colour and different things like that 
help them go back for when they are doing tests’ (AC drafting 050712).  
Because the other Co-Researchers were part of the drafting discussion they 
were also able to respond and offer their own ideas – some of which made it 
into their final report ‘When we discussed what we had found out with our group 
someone suggested that some people may have been influenced by the fact that 
tests are compulsory and so didn’t know quite what they’d do given the choice – 
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they think of tests as good practice for the bigger future exams’ (AC and AH 2006 
p3). 
They concluded with a broad understanding that people revise in very individual 
ways and that there wasn’t a best solution that would suit everyone.  They found 
that the style of the teacher played a part in which approach was preferred for 
example ‘in an exam it is easier to remember things from different teaching 
techniques such as drama’ (AC and AH 2006 p3).  One key outcome was that they 
understood more how the school was trying to provide a range of ways to revise – 
rather than imposing one particular approach. 
 
6.2.2.3: Project 3: Students’ and Teachers’ Interests 
Which area of science do students and teachers find most 
interesting to teach and be taught? 
 
This was a very interesting project in which JB and SL interviewed their 
teachers to find out about their own favourite science topics, and relate this to 
those preferred by their students.  In discussions this became quite a theme as 
they were really struck by the enthusiasm and commitment of their teachers.  
They found a match between teacher enthusiasm and learner enjoyment which 
they explained as ‘This reflected on the children because the more enthusiastic 
teachers tend to make things ‘stick in your brain.’’(JB and SL 2006 p3) 
 
6.2.2.4: Project 4: Extra-Curriculum Clubs 
How does extra-curriculum clubs affect pupils’ attitude towards 
science in school? or The effects of extra-curriculum clubs on 
science - On a small scale 
 
Despite writing up separately both BC and JL concluded similarly that clubs 
didn’t have much impact on attitude to science in school.  The most popular 
clubs were sports clubs which JL acknowledged was not surprising ‘as it was 
nearly summer when we conducted our surveys more people would attend 
sports because of good weather.’ (JL 2006 p3) and BC suggested that a way 
forward to ensure that popular clubs had a good impact on attitudes to school 
science might be to raise their profile through direct and explicit linking - ‘sport 
maybe popular but should have the term sport science referred more often as 
many teenagers don’t refer sport and science going together’ (BC 2006 p8). 
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6.2.3: So did they choose relevant questions? 
 
The choice of question made by the Co-researchers is interesting; in all cases 
they had much to offer the school in terms of understanding what the students 
are thinking about learning science:  From the understanding that clubs are an 
underused resource that might add some useful science learning within a real 
and relevant context to reinforcing the idea that what you teach with enthusiasm 
is likely to be interesting to learn all the projects were useful.  Moreover, some 
of the ideas that came through were clearly new to the teachers whilst others 
confirmed their existing impressions.  My field notes identify that the teachers 
were most interested in the findings about how interest in science topics varies 
from year 7 to year 8 and that this prompted thinking about planning. Passing 
comments about the other reports reveal more interest in how the 
CoResearchers were progressing rather than interest in their findings, which is 
disappointing given the CoResearcher’s desire to influence the teaching. 
 
However, the relevance of the questions raised is not just restricted to those 
that influence the teaching and learning in their school.  All of the questions 
prompted discussions and raised understanding of learning school science.   
The Co-researchers talked mostly about what the staff/ student comparison 
project had revealed about their teachers’ interests as well as the useful 
comments made by one teacher about the difficulties in inspiring students in 
Physics given the curriculum for Key Stage 3.  This quote is given in full in the 
relevant report and referred to in many CoR comments.  It turns out that hearing 
what your teaching is thinking is really useful in helping understanding of the 
Education process.   
 
What is clearly important is their perception of the usefulness of their work and 
they engaged fully in all opportunities to share their findings.  Formally this was 
both in the school through an assembly for their year group, separately for the 
science team and through their published reports on the school website.  Their 
comments indicate that this was successful in raising discussion both with their 
year group and with their teachers 
‘doing the presentations for the teachers kind of boosted my confidence a bit’ 
(JB 070716) 
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However, their expectations about the impact this might have in school was not 
met and they ultimately felt that it was the regional conference that we attended 
and presented at that gave the most positive feedback. 
‘I don’t think they [impact for science team] were as valuable as it was for the 
teachers when we went to that conference’ (JS 070716) 
In some ways this is entirely understandable, their own teachers have a 
different relationship with them which is built up over time and may be inevitably 
constrained by the need to look to the future too.  Teachers meeting them for 
one occasion can respond in a different way and perhaps see what they have 
done with a fresh perspective.  What is disappointing is that the CoR seem to 
be left feeling that their own school was less interested than other science 
teachers in other schools. 
 
6.2.4:  Dissemination – ASE and other conferences 
 
The final projects were disseminated through presentations to their year cohort, 
their science teachers and at a regional conference for science teachers (see 
table 5.2) .  They were also published on the school website and on the Open 
University Children’s Research website ( http://childrens-research-
centre.open.ac.uk/research.cfm)  
 
Dissemination was clearly of importance to them making up 40 of all (647) 
comments coded and often linked to their perception of the worth of their efforts 
within the project.   
 
Some of them had indicated that the project would be useful to the school and 
that the value of the output was one driver for them in joining up.  One 
commented that ‘it would look good on my CV’ (RB 29/04/05) and another that 
he would have ‘a piece of work afterwards that I would be able to look back on’ 
(JS 29/04/05) 
 
During the project they referred back to the impact of their work as important  
‘this will help er… like people who set up clubs outside of school’ (BC 13/05/05) 
and had ideas about how this dissemination might happen.   
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They were also involved in thinking about how to disseminate, JL in particular 
made several suggestions for dissemination within the school: ‘You could put it 
on the school website or something – results or whatever we call it.  Um – we’d 
able to show results on like, the school website, magazine, school magazine 
and most things to do with school.’ (JL 13/05/05) 
 
Their teachers indicated that they were impressed by their commitment and 
‘professionalism’ in conducting their research, something that many researchers 
had also noted (Piburn and Baker 1993; O'Kane 2000; Alderson 2001).  
However, they paid more attention to the learning implications for the Co-
Researchers wheras the Co-Researchers themselves were interested in the 
impact of their work and the contribution to the school that they felt this could 
provide.  Increasingly, as they got further into the project the Co-Researchers 
referred to the impact they felt their findings might have ‘it will maybe make the 
teachers think about.. whether the children are enjoying the lessons or not and 
maybe if they could improve the lessons somehow’ (SL 24/05/05) 
 
6 months later during the build up to the dissemination phase many of them 
considered the dissemination was a highlight of the project for them.  JB talked 
about ‘the best bit was at the end when we know – even in a report or a 
presentation because you’ve done all the work and you then you see what 
you’ve done. Cos when I wrote the report the first time – I didn’t think about it 
and then when I read it again when we went back to the presentation I kept 
thinking wow did I actually write that!  So its like the satisfaction that you have 
actually done something that is...’ (JB 14/12/05).  SL agreed that for her the 
best bit was  
 ‘probably the sense of knowing that if this does go somewhere its going to 
benefit a whole lot of people.’ (SL 14/12/05) 
 
A key dissemination point for us as a group was to take the research project 
reports, along with my overview project to the annual Association for Science 
Education conference in January 06.  Having discussed whether they would be 
interested broadly I contacted the Association and for many weeks was 
encouraged to organise this trip.  We had a slot booked, with a room and a 
time, consent forms were completed and a member of the teaching staff lined 
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up to come with us.  The Co-Researcher group were all preparing for the 
presentations, honing powerpoints and practising in extra lunchtime sessions 
and for a final rehearsal at a school assembly and there was a sense of growing 
excitement and a feeling that this really was important and worthwhile.   
 
‘I didn’t think it would be as sort of like useful as it was – I didn’t think we would 
be going to this Reading thing.’  and ‘that’s quite important because it’s going – 
it’s all useful’ (JS 14/12/05) 
‘the whole project is about – like helping teachers’ (RB 14/12/05) 
 
One of them had chosen to come on this trip rather than a family outing on that 
key weekend instead. I was on the point of booking train tickets and 
accommodation overnight as well as a visit to a Science Centre on the way 
back.  On the morning of the school assembly which was their final rehearsal 
before Christmas I received a phonecall from the ASE to inform me that their 
attendance (not mine) was not after all going to be possible.  The reason, that 
other presenters of research projects (science teachers) were uncomfortable to 
have children present.   
 
As a group we were very disappointed of course, this was not a moment for 
collecting research data directly through interviewing but my field notes record 
my impressions afterwards of frustration and disappointment.  One outcome 
was that, as a group we composed an email expressing our group 
disappointment which I give in full here.  It is written from me on their advice, 
and sent to the two very supportive ASE members who had helped set up and 
organise out input on the Saturday session at the conference, who we knew 
would use it in teh relevant places to make our protest.  It also includes their 
questions and concerns and a record of their commitment to the project. 
 
Many thanks for the support and advice you both provided during my 
failed attempt to bring children to the ASE conference.  I am still coming 
myself on the Saturday but was informed last Wednesday that there 
were insurmountable problems with the children being there.   
  
Unfortunately since time was pressing the group had already done much 
of the work in preparing their presentation.  In fact the final phone call 
came in just as I was leaving for school for their final rehearsal at a 
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school assembly that afternoon.  I am impressed with the maturity with 
which they responded but like me they do not understand why they have 
been barred.  They asked me to attend anyway in order to pass on their 
findings as best I can and to try to move the issue of children’s voice on.  
  
One asked what message the ASE feel they (the co-researchers) should 
take from this decision and how they should view the association’s 
attitude to those currently in education, another was personally upset 
because she had already chosen to attend what she considered this 
important conference rather than go with her family to support her local 
football team against Birmingham that day.  All of them have freely given 
up their Saturday to attend – just one of many personal sacrifices they 
have made during the research project.  I feel very let down by my own 
professional association that this is neither recognised nor valued.   
  
Please don’t think that I am including you in my disappointment.  I am still 
encouraged that there are people like yourselves who value children’s 
views and who would welcome their contribution to a discussion on 
education within the association.  I hope that with more time and 
discussion I will be able to bring young co-researchers to a future 
conference – in the mean time they have been invited to various regional 
meetings and conferences so that their work is not wholly lost.   
  
My main sadness apart from the disappointment and disillusionment 
inflicted on these able and articulate children is that far from the ASE 
being at the cutting edge of current educational thought it would appear 
that children’s voice hasn’t arrived at all! 
(email BG 19/12/2005) 
 
I never got a full response from the person who had phoned me; a short 
sympathising reply from one of the two who had helped set up was our only 
response.  I did attend and set up posters that they went on to produce, but this 
was not our intention and I was reminded of McLaughlin’s warning about the 
possibility of disillusionment for young researchers(McLaughlin 2006) which in 
this case applies to older ones too.  
 
The situation was saved in part by the success of the regional teachers 
conference attended by 33 teachers and referred to by the Co-researchers as a 
successful highpoint in the project. 
Later on (in the final interview with the whole group July 07) the Co-
Researchers had moved on from wanting to improve the learning environment 
for their peers to refocus on their own development,  
This, coupled with their increased focus on exams meant that when their head 
of science asked for their help with a question he wanted to explore at the start 
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of the academic year, he had not had the enthusiastic response that they had 
shown at the start of the CoR Project. 
Possibly this was also influenced by the fact that it was his question and so they 
felt no ownership of this new project.  He asked for, and welcomed, their help in 
designing the questionnaire but by the time I spoke to them about it in the 
summer term, they were vague about what is was about and their engagement 
in it  
‘I think we did didn’t we? – we made up a questionnaire’ 
‘we did make one – didn’t we – we made it up and gave it out’ 
‘I knew I looked over it’ 
‘yes – not sure what it was about now’ (interview 16/07/07) 
 
He would have like to re-energise their engagement in completing the analysis, 
but although they showed some curiosity in what the results  might show: 
‘You get interested in going back over it  - I’d quite like to see whats 
happened if it has changed’ 
‘I’d quite like to see the results’ (interview 16/07/07) 
 
However,  he had little time himself and they were clearly reluctant to get 
involved.  Asked if they would be willing to take on the analysis of the data 
already collected they were clear that this would need to be a request from the 
school, and include their engagement being fully appreciated. 
‘if I needed to  - yes - I’d know how to go about doing it.  But I wouldn’t do 
it just out of choice – if I had to I’d do it’ (SL interview 16/07/07) 
 
‘Yeah – if we were forced to!’ (laughter) (BC interview 16/07/07) 
 
As JS indicated they had come to see that answering their own questions was 
more useful to them and that they had greater skills than the technical ones 
implied in picking up a half completed project that someone else had started. 
‘I think that more of value....when you are actually finding out your own 
stuff your own interest rather than something that’s already been done 
you just have to find out what it says’ (RB 16/07/07) 
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6.3:  Qualitative Data:  Analysis of Transcribed Data 
 
The process of ‘coming to meaning’ during the study is rather like composting in 
gardening – snippets of impressions, lists and ‘relevant’ quotes are stored in 
dated layers and a ‘critical heat’ of reflection between them along with frequent 
turning and questioning in the light of new evidence, ideas and reading allows 
the underlying components to be discerned.  However, whilst the holistic nature 
of the evidence and the thinking around it needs to be preserved it should also 
be scrutinised to ensure that the end result is not genetically modified by a 
subconscious designer, but can be traced back to the origins and argued for in 
the light of traceable evidence in the raw data. 
 
6.3.1: Developing the Coding for Interview 
Transcriptions 
 
Bassey  (Bassey 1999) identified the need to maximise the trustworthiness of 
ideas derived from analysis of qualitative data and proposed 8 questions to 
support checking that this occurred.  The table below (6.13: Eight Questions of 
Trustworthiness) was used as a check list to question the process I followed in 
analysing the qualitative data and provides a summary of how these elements 
were addressed in this research.  In particular Bassey looks for sufficient time 
engaged with the data to know it well, regular reflection on emerging themes, 
careful checking of the accuracy of collection (through checking transcriptions 
with the participants for example) and systematic use of triangulation including 
engagement of a critical friend to ensure that the interpretive path taken is 
replicable by an independent and experienced other. 
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Eight questions of trustworthiness How these are addressed in this research 
Has there been prolonged 
engagement with data sources? 
[Yes] The project was conducted over the 
course of a term but embedded within a 
longitudinal study and revisited for follow 
up during phase 2 and again a year later. 
Has there been persistent 
observation of emerging issues? 
[Yes] regular data collection noted 
themes as they emerged and reflected 
these back in interviews and through 
coding  
Have raw data been adequately 
checked with their sources? 
[Yes] All transcriptions were shared with 
the participants for checking. 
Has there been sufficient 
triangulation of raw data leading to 
analytical statements? 
[Yes] A variety of data types were 
collected and case studies of each 
individual were used to look for 
similarities and differences 
Has the working hypothesis, or 
evaluation, or emerging story been 
systematically tested against the 
analytical statements? 
[Yes] The working hypothesis was 
evolved from the data, reviewed against 
new data as it emerged and checked 
through individual case study and data 
set lenses. 
Has a critical friend thoroughly 
tried to challenge the findings? 
[Yes] The coding was developed in 
parallel and collaboration with an 
independent researcher to check the 
codes were robust.  The use of the 
coding was then checked by blind coding 
the same transcript to ensure consistent 
and replicatable use before being applied 
to all data. 
Is the account of the research 
sufficiently detailed to give the 
reader confidence in the findings? 
[Yes] The discussion of the developing 
themes used original data to illustrate 
and expand the ideas. 
Does the case record provide an 
adequate audit trail? 
[Yes] Coding development is set out in 
the next section to exemplify this. 
Table 6.13:  Eight Questions of Trustworthiness  
based on (Bassey 1999) 
 
Bassey also highlights the value of an audit trail to make transparent the 
process by which qualitative data is analysed, codes developed and emerging 
themes captured.  Braun and Clarke (2006) explore this further and recommend 
the representation of the project through a careful organisation of the data.  In 
support of this Braun and Clarke propose a 6 step process to providing this 
audit trail as set out in their table reproduced here: 
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Analysis Phase  Description of the process 
1. Familiarising 
yourself with your data:  
Transcribing data (if necessary), reading and 
rereading the data, noting down initial ideas. 
2. Generating initial 
codes:  
Coding interesting features of the data in a 
systematic fashion across the entire data set, 
collating data relevant to each code. 
3. Searching for 
themes:  
Collating codes into potential themes, gathering all 
data relevant to each potential theme. 
4. Reviewing themes:  Checking in the themes work in relation to the coded 
extracts (Level 1) and the entire data set (Level 2), 
generating a thematic “map” of the analysis. 
5. Defining and naming 
themes:  
Ongoing analysis to refine the specifics of each 
theme, and the overall story the analysis tells; 
generating clear definitions and names for each 
theme. 
6. Producing the 
report:  
The final opportunity for analysis. Selection of vivid, 
compelling extract examples, final analysis of 
selected extracts, relating back of the analysis to the 
research question and literature, producing a 
scholarly report of the analysis. 
Table 6.14: Phases of Thematic Analysis:  
reproduced from (Braun and Clarke 2006 p35)  
 
6.3.1.1: Analysis Phase 1:  Becoming familiar with the data. 
 
Tapes were transcribed as soon after the interviews as possible to maximise 
the accuracy of the transcriptions while the interview was fresh in my mind.  
Impressions and initial indications were noted at all times during the study and 
used to inform further interviews and discussions with the co-researchers and 
other participants.  
Stage one in Braun and Clarkes process relates to the accurate and careful 
recording of all data and its storage in an easily retrievable form.  The majority 
of my qualitative data was in the form of the transcriptions of interviews, 
discussions and taught sessions and these along with key emails from the co-
researchers were stored in one excel ‘book’ with a spreadsheet for each data 
collection item. 
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6.3.1.2: Analysis Phase 2:  identifying and coding in a 
systematic way. 
In order to ensure that the ideas developed through analysis of the data I 
adopted a grounded theory approach which Glaser and Strauss define as the 
‘discovery of theory from data’ (Glaser and Strauss 2009) and which employs 
comparative analysis as its principle strategy. 
Grounded theory benefits from being closely, and continuously linked to the 
original data to which it is necessary to return at key stages in theory generation 
and refinement and results in theory that is relevant to the context in which it 
was explored and hence has a validity in that context that is potentially more 
practical in that setting than a more theoretically evolved approach.  As Glaser 
and Strauss argue ‘one canon for judging the usefulness of a theory is how it 
was generated – and we suggest that it is likely to be a better theory to the 
degree that it has been inductively developed from social research.’ (Glaser and 
Strauss 2009 p5) 
Grounded theory has, however been criticised for being based too purely in the 
empirical data without sufficient reference and comparison to existing theories.  
Lind and Goldkuhl (Lind and Goldkuhl 2006) argue that relating this evolving 
theory to relevant research during the generative process is essential and 
propose the use of Multi-Grounded Theory which combines the use of empirical 
grounding in the data with theoretical grounding in the literature.  In some ways 
this goes against the original purpose of grounded theory which was intended to 
develop theory that was true to the data without being predetermined by 
existing theories.  However, as Ezzy argues 'The first step towards dealing with 
the influence of preconceptions is not to deny or hide them, but to formally state 
them.' p10 (Ezzy 2002) and multi-grounded theory which is explicit about the 
source of all elements of the developing theory aims to do just this by 
acknowledging that theory development is cumulative (Mansour 2008).  The 
framework of MGT used is based strongly on that developed by Mansour and is 
given in Figure 6.1. 
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Theory generation  
inductive coding 
conceptual refinement 
building categorical structures 
theoretical coding 
 
[Open coding 
critical reflection on empirical statements 
combining categories into theoretical 
statements (axial coding) 
theoretical condensation (selective coding)] 
Theory diagrams  
  
The empirical theory    
 
 
Research interest 
reflection and 
revision 
 
Explicit grounding stage  
[matching empirical theory with theories in literature] 
Theoretical 
matching 
Validation Evaluation of 
theoretical 
cohesion 
Theory diagrams  
  
The evolving theory   
  
Figure 6.1:  Procedures of using MGT in data 
 from Mansour N (Mansour 2008), [my notes] 
 
Theory Generation 
In line with a grounded theory approach the analysis of the interview 
transcriptions began with a full read through while listening afresh to the tapes 
in order to check the accuracy of the transcription and embed this impression 
within other indicators of meaning such as pauses and inflection.  Full 
transcriptions were checked with the participants and a note of early themes 
suggested made. 
 
Miles and Huberman (Miles and Huberman 1994) warn of the need to retain 
some perspective outside the research even when working so closely with 
inductive processes and empirical data.  They suggest that it is impossible to 
avoid personal bias but that this can be recognised and to some extent 
remedied by the planned use of ‘the help of others who have some distance 
from the study’ (Miles and Huberman 1994) .   
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In order to validate the coding as it was developed I arranged for an 
independent researcher to conduct a parallel process of identifying coding 
themes. Three transcripts were selected for the richness of the data and from 
two contrasting points in the study; one from early in the project phase and two 
extended individual interviews from the presentation phase.  We both derived 
full key word lists  and reduced these to our own first drafts of key themes with 
early indications of codes and subcategories which relates to the inductive 
coding phase in which initial theory is derived from the empirical data.  We then 
compared our respective codes and the labels ascribed to data sets.  There 
was considerable overlap, particularly in identifying three main areas which 
roughly corresponded:  I had grouped my codes into Personal skills, Process 
skills and Learning which corresponded with KW’s Transferable skills, 
Methodology and Metacognition.  There was also a good overlap of the 
subcategories within each of these areas and some terms occurring in only one.  
One particularly interesting comparison between the two relates to the terms 
used to describe the main emerging themes – my headings were taken from the 
co-researchers point of view (Personal skills, Process skills and Learning) 
whereas KW ascribed more academic terms (Transferable skills, Methodology 
and Metacognition).  I opted to have both perspectives flagged in the negotiated 
coding sheet with the personal headlining and the academic term in brackets. 
Comparison of the detail also prompted a review of these subcategories, 
reducing the overall number of codes and combining confidence with value and 
empathy with relationships.  The final section of coding that was not recorded 
by KW, relates to attitude to and knowledge of science and to some extent 
research.  This is strongly indicated in transcriptions from interviews taken in the 
reflection phase of the project (which KW had not looked at) and I was 
interested in looking to see whether earlier indicators could be found if the code 
list was sensitised to look for them.  The initial themes and codes from each of 
us and the negotiated codes derived as a result are given in Appendix 12: 
Development of Coding.  The resulting derived and negotiated codes relates to 
the empirical coding stages in the multi-grounded theory model (Mansour 
2008). 
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Explicit Grounding 
With this emergent set of themes in mind and mindful of my initial research 
questions I returned to the literature on working with co-researchers to check, 
validate and expand these ideas.  The most commonly cited benefits for 
engaging children as research participants generally, centre around two areas:  
 
benefit to the quality of the research  
(Wilcox 1994; Woodhead 1999; Alderson 2000; O'Kane 2000; Warren 2002; 
Hanley et al. 2004; Kirby 2004; McLaughlin 2006; O'Brien and Moules 2007);  
and  
benefits to the young people involved  
(Woodhead 1999; Roberts 2000; Woodhead and Faulkner 2000; Alderson 
2001; Hargreaves and Galton 2002; Lloyd-Smith and Tarr 2002; Warren 2002; 
Edwards 2004; Griesel et al. 2004; Grover 2004; Jones 2004; Roberts 2004; 
Kellett 2005; McLaughlin 2006) 
 
although McLaughlin adds another one that of  
benefit to the adult researcher.   
(McLaughlin 2006) 
 
The central project, initial research question and the main focus of interview 
questions focused largely on the 2nd of these themes but the first also resonates 
with elements of the study and I am reminded to include provision to note 
evidence of benefits to research.  The impact of their particular perspective and 
understandings on research quality within their own studies will be relatively 
easy to unpick but impact on my own central study needs careful consideration.  
Similarly, their contribution to dissemination of the research, which I had already 
noted as of particular importance to them is currently included in Personal Skills 
development, but a separate code to capture their input on dissemination will be 
important too.   
Two key subcategories within the area of benefit to the co-researchers are 
confidence and value and  empathy and relationships and many authors 
commented in some way on these as likely or perceived  outcomes whatever 
the study (Alderson 2001; Greig and Taylor 2002; Lloyd-Smith and Tarr 2002; 
Warren 2002).  The rights of the children to participation was also a much 
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discussed element (Alderson 2001; Lloyd-Smith and Tarr 2002; Kellett 2003; 
Christensen 2004; Griesel et al. 2004; Grover 2004; McLaughlin 2006)and the 
children’s awareness and understanding of this issue  will be interesting to 
unpick from evidence coded for control/ ownership (2PCO).  Some mention was  
also made of reflection (Lloyd-Smith and Tarr 2002; Edwards 2004; Griesel et 
al. 2004)and this also relates to metacognition (Woodhead 1999; Edwards 
2004; Roberts 2004; Kellett 2005; O'Brien and Moules 2007)– perhaps arguing 
for combination or further clarification of these separate codes…. 
There was little mention of subject specific advances – most of the literature 
was generic in content and little work has been done in this area… 
Additionally the literature raised an emphasis on negative impacts (Griesel et al. 
2004; McLaughlin 2006)– in terms of demand on children’s time, the support 
and delay that might result from involving them and the potential for 
disillusionment, lowered self esteem and exclusion should things go wrong with 
the attendant responsibility for the researcher involved.  These elements will be 
recorded in the current coding but I will also add a further code to flag negative 
indications directly in order to fulfil validity requirements of highlighting and 
addressing all these issues. As Silverman says 'Sometimes one doubts the 
validity of an explanation because the researcher has clearly made no attempt 
to deal with contrary cases.' (Silverman 2000 p11) 
 
Outcomes from Grounding in Literature  
To summarise, the return to the literature further reinforced the coding 
developed but indicated the need to add a Research Quality code category 
which would include a specific code for impact on the co-researchers projects, 
the main study and dissemination. (5ROP, 5RMP, 5RD) and also a Negative 
code category to ensure any negative impact on the co-researchers and the 
adult involved was captured (6NCR, 6AR).  This completed set is given as the 
working code set (Appendix 13: working codes) 
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6.3.1.3: Analysis Phase 3: Searching for themes 
 
Once the codes had been set in this way I coded the full data set using the 
excel spreadsheet to assign codes to each comment.  In some cases there 
were more than one code assigned to a comment but in each case these were 
reviewed to ensure their contribution warranted this duplication. Early on it 
became apparent that describing the emerging ideas in terms of individual case 
studies for each of the co-researchers would make the most coherent sense of 
the data at this level and so I developed individual spreadsheets for them in the 
excel book and recorded a quantitative overview of codes to support these. This 
quantifying of numbers and categories of comments to which each of the codes 
were assigned was helpful in giving an overview and supported a summarising 
of their individual journey through the project.  At the end of this process I 
developed a written case study for each co-researcher describing their journey 
and a quantified breakdown of the codes assigned at each stage of the process.  
An example of one of each are given in Appendix 14 and 15. 
 
6.3.1.4: Analysis Phase 4: Reviewing themes 
 
From these individual case studies it became apparent that there were common 
themes running through sometimes all of their stories as well as individual 
themes and themes relating to sub groups.  Comparison of the case studies 
and a return to the whole data set to understand the story of the whole group 
was the next step as I turned to look for over-riding themes that were relevant to 
all those involved and that might be relevant on a whole group scale.  By 
developing a quantified breakdown of all codes assigned in the same way as I 
had done for individuals but for the whole group I obtained a useful baseline 
comparison against which each co-researcher could be described and which 
could be illustrated through reference to individual comments from their own 
stories.  This overview is given in Appendix 16:  calculations for case studies all. 
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6.3.1.5: Analysis Phase 5: Defining and naming themes 
 
Amongst the themes that were particularly relevant to individual co-researchers 
some gained strength from comparison and agreement between the individual 
case studies whilst others could be seen to be part of one larger theme and 
were so combined.  There were of course yet others that were relevant only to 
one individual but I have retained them in the final report in order to give the 
whole picture. 
 
6.3.1.6: Analysis Phase 6: Producing the report 
 
The final report, presented through the lens of a single whole group case study 
is given in the next section.  There are 7 themes that emerge from the data, 
each of which is discussed separately but they overlap and enrich each other in 
many ways.  The story of how these intertwine is the final phase of analysis and 
is told in full in the next section 
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6.3.2: Analysis of Case Studies:   
 
Numeric analysis of coding 
The coding of comments made during the various interviews allows a 
comparison of the nature and content of discussions at key points in the project 
and enables potential trends to be teased out.  
 
Overall, of 577 comments that were captured and coded, 268 were linked to 
codes relating to process skills (3 codes), 405 to personal skills (7 codes), 99 to 
Metacognition (1 code), 161 to science (3 codes), 108 to quality of output (3 
codes) and 2 to Negative impact. 
 
Of course there were overlaps but the highest number of statements coded 
under one code was 215 for recognising different people’s perspectives  (2PE), 
then 203 for research skills  (1PR), 155 for reflection  (2PR), 115 for questioning 
and 99 for Metacognition  (3LM). 
 
This gives an overall picture of Co-Researchers talking mostly about their 
developing understanding of relationships with teachers and peers to do with 
learning, their growing confidence in research skills, their ability to reflect on 
their own learning and that of their peers, and their understanding of how they 
were learning.   
 
Recognising perspectives (2PE) was not only the most commonly allocated 
code across the whole group, it was  also the most commonly allocated code for 
half of the individual Co-Researchers (AC, AH, RB & SL) with the other half 
being allocated 2PE as at least the 4th most common code.  The other 4 co-
researchers (BC, JL, JS & JB) ranked research skills (1PR) highest, and the 
lowest rank for this code is 3rd.  These two codes account for the top rank for all 
Co-Researchers between them. 
 
Codes ranked second for individual researchers are research skills (1PR) for 2 
individuals,  reflection (2PR) for two individuals, attitude to science (4SAS) for 2 
individuals, recognising perspectives (2PE) and confidence (2PCV) 
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Table 6.15 gives an overview of the number of comments assigned each code 
for all of the individual co-researchers across the whole of the project and also 
the total number of coded comments in each of the main themes (Process 
Skills, Personal Skills, Metacognition, Science, Research Quality and Negative 
codes).  The four most commonly assigned codes for each individual is 
highlighted according to the key given in the Table and helps provide an overall 
picture of the allocation of codes during the project. 
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 AC AH BC JL RB JS JB SL All key 
All comments 119 76 58 53 66 67 77 61 577 
most 
1PS 6 1 7 5 8 3 6 3 39 2nd 
1PR 47 27 20 16 16 25 31 21 203 3rd 
1PA 14 8 3 5 6 8 13 13 70 4th 
Process skills (3) 611 34 23 24 22 33 38 33 268 
also 
2PR 43 31 10 7 18 16 15 15 155  
2PCO 6 2 4 2 4 3 4 4 29  
2PO 0 5 5 4 6 3 10 1 34  
2PQ 33 13 11 0 12 16 13 17 115  
2PV 1 1 2 4 2 1 3 1 15  
2PE 58 42 13 10 33 16 15 28 215  
2PCV 22 9 4 10 9 17 11 6 88  
Personal skills (7) 98 58 36 25 51 48 42 47 405  
3LM (1) 
Metacognition2 
37 18 3 2 8 4 10 17 99 
 
4SNS 7 13 8 11 10 13 14 9 85  
4SAS 3 12 11 14 13 12 16 15 96  
4SNR 10 13 3 7 12 10 8 3 66  
Science (3) 19 22 15 19 22 20 24 20 161  
5ROP 28 17 0 1 1 6 4 16 73  
5RMP 4 0 1 0 0 2 0 1 8  
5RD 11 1 1 3 1 7 10 6 40  
Quality of output 
(3) 
38 18 2 4 2 12 13 19 108 
 
Negative impact 
(2) 
0 0 2 0 0 0 0 0 2 
 
Table 6.15:  Overview of codes assigned to comments 
 by each individual Co-researcher.3 
 
                                              
2 Metacognition is both a subset of codes and an individual code 
3 Summary lines, such as Process Skills, are highlighted in pink and are the number of comments coded for this 
subset of codes. Since some comments have more than one code allocated the summary totals is not the sum of all 
codes allocated.   
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However this is a picture of all captured comments over the progress of the 
project and the change in proportion of comments assigned to each code at 
each stage of the project (set out in table 6.16) tells a more interesting story 
about how the focus of their discussions changed as the project developed.   
 
 1P
S
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4S
A
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4S
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5R
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5R
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5R
D
 
co
m
m
en
ts
 
29/04/05 
why 6% 53% 29% 18% 12% 0 0 6% 29% 6% 0 18% 18% 6% 0 0 6% 17 
13/05/05 
Interview 
discuss 
0 50% 0 0 0 0 75% 8% 17% 0 0 0 0 0 0 0 0 12 
13/05/05 
Int prac  
0 50% 11% 35% 0 6% 34% 0 51% 3% 10% 3% 26% 0 8% 3% 3% 62 
24/05/05 
so far 24% 59% 7% 9% 6% 4% 31% 2% 30% 4% 11% 17% 4% 9% 6% 0 0 54 
12/07/05  
drafting 
0 42% 0 32% 0 3% 16% 0 61% 16% 29% 6% 5% 11% 42% 0 0 62 
12/07/15 
int all 25% 20% 16% 36% 5% 9% 23% 11% 34% 9% 18% 25% 14% 0 2% 0 0 44 
17/07/05 
email AC 
0 100% 0 94% 0 0 0 0 100% 83% 0 0 0 33% 0 0 0 18 
14/12/05 
Int solo* 4% 23% 16% 28% 8% 9% 14% 3% 34% 23% 24% 9% 8% 6% 18% 2% 16% 185 
16/07/07 
Int all 9% 20% 21% 14% 9% 4% 10% 0 22% 18% 15% 42% 54% 35% 7% 0 12% 91 
All 
datasets 7% 35% 12% 27% 5% 6% 20% 3% 37% 15% 17% 15% 17% 11% 13% 1% 7% 577 
Table 6.16:  Percentage of all codes recorded for each dataset 
 (code/ comments)4  
 
                                              
4 Table 6.16 is set out to give an overview of the development of codes allocated over the 
progress of the project but it is important to note that this is not a linear timeline and results from 
different data collection approaches, some of which were on the same dates (for example: the 
interview discussion and interview practice on 13
th
 May).  In some cases the different data 
collection points had different foci (such as the email being a response to particular questions 
that emerged at that point in the project) and this will also have affected the codes allocated.  
For this reason particular care to take the context of the comments into account is taken during 
analysis.  
Green highlighting indicates that over 30% of comments made were allocated to that code and 
orange highlighting that over 20% were allocated.  For the whole data set I have also included 
yellow highlighting indicating over 10% allocated.  
Two comments coded for 6NCR (negative impact on co-researcher)  
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The profile can be considered through the lens of which themes were most 
discussed at each stage of the project:  During the intervention (phase 1), 6 
months later while dissemination to the school, website and conferences were 
being prepared and undertaken (phase 2) and 18 months later when looking 
back and assessing it (phase 3).   
 
Given the general warnings in the footnote, it is still possible to gain an overview 
of the development of the subjects discussed by Co-Researchers over the 
course of the project. The general trend seems to be that there was a focus 
throughout on Recognising Perspectives (2PE) and the development of 
Research Skills (1PR) both of which accounted for at least 15% of codes 
throughout the project.  Research Skills were a particular focus in the initial 
phase (over 50%) but fade slightly during the review phases whereas 
Recognising Perspectives features less early on, but became a common feature 
of discussion as the project developed.  The use of Questioning (2PQ), which 
they found to be more complex than expected, was a dominant focus (75% of 
comments coded) during the session on developing research interviews and 
questionnaires (13th May) for obvious reasons, but remained an ongoing theme 
especially in the first active project phase and during phase 3 when they were 
looking back on what they had achieved.  Reflection (2PR) follows a similar 
pattern to Recognising Perspectives in gaining importance during the first phase 
and remaining a commonly recurring topic of discussion throughout (never less 
than 9% of codes and mostly around 30%). Metacognition (3LM) is coded for at 
least 10% of comments for all data sets after the first two sessions (except for 
the email which was focused on a particular – and different question).  
Metacognition had two clear peaks, during the drafting discussions and solo 
interviews. 
 
Confidence and Value(2PCV)  gained importance at the very end of phase 1 
and was a focus particularly when individuals were responding alone (29% in 
the email dataset; 24% in solo interviews) which may reflect a more sensitive 
individual response that is more difficult to share in group situations. 
Reflections on their own projects (5ROP) were also highlighted strongly during 
the drafting stage (42%) as might be expected and discussions on the Nature of 
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and Attitude to Science and Research cropped up sporadically through the 
project with a particular focus in the final interview with the whole group when 
an interestingly heated discussion took place. 
 
The Application of skills to school and life (1PA) which was strongly recognised 
in the codes during the initial discussion about what they might hope to gain 
(29%) was only sporadically coded during the rest of the project until prompted 
in reflective interviews with the whole group and during the solo interviews.  
Science Skills (1PS) cropped up as important in two particular sessions, both in 
the first phase when the whole group was prompted to explore any impact on 
their learning. 
 
There are 7 other codes that are not summarised above since comments are 
rarely coded against them, however low levels of coding does not necessarily 
mean that comments coded against these are not relevant and some of them 
are discussed in theme 7: individual items.  Control and ownership (2PCO) 
reaches 12% in the initial interview when the researchers were expressing their 
interest in running their own project, only one of the Co-researchers discusses it 
again and this is explored later along with Negative impact on CoR (6NCR) 
which the same co-researcher touches on.  Likewise, Dissemination (5RD) is 
picked up by two of the group in their solo interviews and in the final whole 
group reflection and Organisation (2PO), which never achieves prominence in 
terms of percentage of comments coded, is mentioned sporadically throughout 
by all but one co-researcher and is discussed in theme 7.  The three remaining 
codes are Vocabulary (2PV) which is mentioned in the discussion on personal 
skills and Impact on Main Project (5MP) and Negative impact on Researcher 
(6NAR) which are hardly coded at all. 
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These emergent themes will now be discussed further in order of overall 
prominence within the data set: 
 
Theme 1: Recognising Perspectives (2PE) 
 
Theme 2: Research Skills (1PR) and the value of co-researchers 
 
Theme 3: Reflection and Metacognition (2PR & 3LM) 
 
Theme 4: Questioning (2PQ) and other Skills (1PS, 1PA) 
 
Theme 5: The Nature of and Attitude to Science and Research (4SNS, 4SAS & 
4SNR) 
 
Theme 6: Confidence and Value (2PCV) 
 
Theme 7: Other individual themes and comments. 
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6.3.2.1: Theme 1: Recognising Perspectives  
 
At the start of the project this code (2PE: Recognising Perspectives) was set up 
as ‘Empathy’ and intended to capture comments that related to the 
‘Identification with and understanding of another's situation, feelings, and 
motives.’ (Farlex 2013). However, as the coding process developed it became 
necessary to expand this category to include awareness of perspectives as a 
precursor to empathy in order to capture this journey in the group.  In this way 
discussions about how to gain understanding of a particular groups views on a 
subject could also be coded and the progression of empathetic understanding 
be plotted. 
 
 
Graph 6.1: Comments coded for Recognising Perspectives5  
 
Recognising Perspectives within the Projects: 
Of the 8 co-researchers 4 had more Recognising perspectives codes allocated 
to their comments than any other code.  Two of them, AH and AC, had 
undertaken a paired project together, looking into students perceptions of the 
best way to revise for exams.  Initially both tended to oversimplify the situation. 
                                              
5 Please note: The graph above is presented to offer an overview of the development of codes 
allocated over the progress of the project but it is important to note that this is not a linear 
timeline and results are from different data collection approaches, some of which were on the 
same dates (for example: the interview discussion and interview practice on 13
th
 May).  For this 
reason particular care to take the context of the comments into account is taken during analysis.  
For example:  The email item (17/07) was a response to a particular question about 
perspectives on research skills and so it is not surprising that 100% of comments were coded 
for recognising perspectives. 
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For example at the start of the project AH summarised the question as finding 
out ‘if they find [like] exams more effective’(AH pair interview 13/05/05) and was 
influenced strongly by her own view that ‘I think that projects are more effective’ 
(AH pair interview 13/05/05).   
 
RB and SL, who were undertaking different projects (RB on a comparison 
between year 7 and year 8 pupils’ attitudes to school science topics and SL on 
a comparison between teachers’ and pupils’ preferences for science topics), 
also had a particular focus on Recognising perspectives as indicated by the 
number of codes.  RB’s initial comments are focused on his attention to his 
parents’ encouragement, his own understanding of ethical consideration and 
some ideas around his expectations of his results whereas SL’s focus evolved 
later in the process. 
 
JS used the interview practice session effectively to explore his own ideas 
about his own project question (with RB) which had derived from the attitude 
pilot study ‘in the… question paper we were asked last year we.. answered the 
question differently and we wanted to find out the answers if boys and girls like 
science’.  He had been interested to note the variety of opinion in his friendship 
group and wanted to explore this more.  He was already aware of differing 
opinions although he was willing to offer his own view ‘well I think year 8 
science is better because it is more complicated’ (JS int 13/05/05) 
 
During the third session we took some time to review the progress so far and for 
most of the group this is when they started to demonstrate a clear developing 
understanding of the potential impact on others.  AC was already looking 
forward to understanding more ‘It will help us to, sort of empathise with other 
people the rest of years and know what to expect as you go up the school’ (AC 
so far 24/05/05) and SL talks about how the respondent will feel about the 
questions asked and is mindful about phrasing them to ensure they will be 
willing and able to do so. This consideration continues throughout her data 
collection and develops into care on phrasing for clarity ‘some questions some 
people might think oh they mean this when it actually means something 
completely different.’ (SL so far 24/05/05)  
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RB awareness of the impact on people was never far from his thoughts when 
designing his data collection instruments ‘you can’t ask personal questions – 
like what’s your weight and stuff cos they might be they might take it offensively 
and not want to answer it. You have to sort of generalise the question and make 
it more, like, to do with what your research is and not personal questions’ (RB 
so far 24/05/05).  He reflected on how people’s view would impact on the results 
of the project ‘you have to know about what people like, you have to know about 
what you like’ (RB so far 24/05/05)  
 
By the drafting stage AH had developed a broader perspective compared to her 
earlier summary, she gave an overview of her results that ‘All people either 
agreed or strongly agreed that revision is very important before an exam’  but 
made more key distinctions between groups and individuals - ‘year 9s are doing 
a bigger test than say year 8s or 7 s or whatever – so they thought it was more 
important and so they needed to revise more’,  ‘not everyone likes to revise on 
their own – not everyone’ and that some people ‘preferred to do it as a group 
because they got other people’s views and they’ll think back and say ‘oh yeah I 
remember what happened in class when we were revising that’  (AH drafting 
12/07/05) 
 
JS listened and contributed to the discussions about other projects offering 
positive feedback ‘I also thought it was good when they went on about the way 
that teachers teach and it was – even though it wasn’t what they were initially 
looking for it was very, like, interesting and it can be useful’ (JS draft AH/AC 
12/07/05).  He offered his own view of possible interpretations such as ‘but 
maybe people prefer tests because they know that they have got to do tests 
anyway and you know there are lots of test like driving tests, many tests you 
have to take in your life and so – they’re not going to escape from them.’ (JS 
draft AH/AC 12/07/05) and identified benefits from the project as a whole such 
as developing a broader overview of people’s ideas ‘we’ve like gained 
knowledge of… that we would have never known about’ (JS 12/07/05) as well 
as developing writing and organisation skills .   
 
AC demonstrated a strongly developed sense of empathy with other learners 
and their individual need to learn and study in their own way.  This is reflected in 
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her comment that the project ‘helps you to empathise with other peoples 
learning... you realise that that’s their learning and how they want to learn’ (AC 
interview 12/07/05).  This learning about people’s views had become important 
as a focus for RB’s own development: ‘learning about what people think about 
science and it’s made me see more widely what other people think’ (RB int all 
12/07/05).   
 
In December SL’s comments suggest that this increased perspective on how 
people respond during the interviewing process had made an enduring impact 
on her.  She described how important she felt it was to set the tone and tailor 
the questions to the respondent to gain useful answers.  She comments that 
she was trying to  ‘give [ing] them a question which will expand their views and 
something that you know after doing like the questionnaire you know that 
whatever they put down in the questionnaire they are going to have views about 
them.  And you have to ask questions which will open up their views and you 
have to have you have to be like friendly’ (SL int solo 14/12/05).   
 
Recognising Teacher’s Perspectives 
 
When talking about her ideas around what she might find out, SL offered a view 
on what teachers might gain from an insight into how the students are reacting 
to their teaching ‘if all the children are like falling asleep during a lesson and… 
they hadn’t really thought about whether they find it interesting or not and now 
like…maybe find a different way to teach it.’ (SL so far 24/05/05).   
 
At this early stage her understanding was that teachers minded about their 
students but were not really aware of the impact of their teaching.  However this 
changed once she had been involved in interviewing teachers herself during her 
project.  At this point she said ‘it’s made me feel the side of the teachers 
because… even though they have to teach it - every area of science – they 
don’t always find it enjoyable’ (SL int all 12/07/05). AH had also noted a change 
in her response in science lessons at this stage but it wasn’t until the review in 
December that she was able to explain ‘its shown me how much planning it 
takes to do anything – because usually you just think Ok it’s not a very good 
lesson or it’s not a very good presentation – but even if it’s not very good there’s 
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so much effort put into it you just take – take more care of things’ (AH int solo 
14/12/05.  At this point SL was also reflecting on how the teachers were feeling 
themselves ‘I guess like you have to think if I was the teacher then if you find 
the lesson really boring then the teacher also found that lesson quite boring 
unless they are a dull person’ (SL int solo 14/12/05), how keeping teaching 
lively might be affected by the number of times they have taught that particular 
topic but that it is important ‘to make their lesson interesting for them – even 
though they might have done it loads of times – so make it interesting for them 
– because it reflects on the students’ (SL int solo 14/12/05).   
 
JB agreed that the project had helped her understand the teachers’ viewpoints 
more because it ‘gave us a lot more of the teachers opinion as well as student’ 
so we found out about what it can be like for them trying to teach as well as us 
trying to learn.’  (JB solo 14/12/05). This had resulted in her developing ‘more 
respect for what they are teaching and it makes you want to learn more.’ (JB 
solo 14/12/05).  She explained this was a result of knowing ‘both sides of the 
story and how it is for them and how it is for us.’ (JB solo 14/12/05).    
SL found that she became more observant of how the teachers were working.  
She noticed their use of humour and theatre to engage interest ‘the teacher 
says “oh I’ve never done this before” so she doesn’t know how it’s going to 
react – we see they often make like little comments which are funny because 
they have no idea what they are expecting and “everyone stand back”’ (SL int 
solo 14/12/05).   
 
The result of this awareness was that they were generally more motivated to put 
effort in because they were aware of how much work the teachers were doing 
on their behalf.  JB comments ‘it’s easier now to just learn because you know 
the like background 
and that they have to put in a lot of work as well to prepare the lesson’.  (JB solo 
14/12/05).   
 
For JB and SL this was a direct result of their own project and JB had not only 
developed her understanding of teachers but was thinking about how she was 
learning herself too.  Their project had not only affected them, but had an 
impact on the other co-researchers too through discussion in sessions and 
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preparing for the presentations. RB felt that asking his question had broadened 
his understanding of how education in school works and that this was as a 
result not only of his own question but also from discussing other peoples, ‘It’s 
made me realise what teachers actually do’ and ‘JB and SL how they found out 
what the students like and then what the teachers like as well – it just made me 
realise’  (RB int solo 14/12/05) 
He also felt that this had had an impact on his own engagement in learning in 
school ‘you can understand that its harder for them so you are more committed’ 
(RB int solo 14/12/05).   
 
18 months later JB recognised that this increased understanding of the work  
involved in the background to education was one of the most important impacts 
of the project -‘when you’ve been involved in it you know how much work there 
is and stuff like that and when other people give you a questionnaire you 
actually take it seriously for them whereas before I know some people really 
rush through it’ (JB int all 16/07/07).  In the same interview RB added that this 
was a strong argument for qualitative research such as this project since, he 
acknowledged teachers approach and style is influenced by the outcomes and 
‘if you didn’t have a good teacher – then you wouldn’t learn as much’ (RB int all 
16/07/07). 
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6.3.2.2: Theme 2: Research Skills  
 
 
Graph 6.2: Comments coded for Research Skills 6 
 
Research skills (code 1PR) was the second highest used code during analysis 
and like 2PE was the highest used code for 4 of the co-researchers.  Two of 
these, JL and BC, had combined on a question to explore the impact of after 
schools clubs on attitudes to school science.  This was an ambitious question 
and their interpretation of the data they obtained differed so that in the end they 
agreed to produce individual reports to explain their own views.  The other two, 
JB and JS were exploring the contrasting views of teachers and students (JB) 
and how attitudes to school science changed between year 7 and year 8 (JS).   
 
BC’s comments about research skills changed over the course of the project 
with early comments such as that it was ‘harder for us cos when you have 
questions on the paper and we didn’t know how to put it into words’ (BC pair int 
13/05/05) reflecting the difficulties of managing the skills he needed.   
AC & AH started with lots of procedural questions such as ‘If none of your 
questions ask that - you need to ask….more to develop it?’ (AC session 2 
                                              
6 Please note: The graph above is presented to offer an overview of the development of codes 
allocated over the progress of the project but it is important to note that this is not a linear 
timeline and results are from different data collection approaches, some of which were on the 
same dates (for example: the interview discussion and interview practice on 13
th
 May).  For this 
reason particular care to take the context of the comments into account is taken during analysis.  
For example:  The email item (17/07) was a response to a particular question about 
perspectives on research skills and so it is not surprising that 100% of comments were coded 
for research skills. 
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13/05/05) and some concern about how to obtain ‘truthful’ answers such as ‘I 
think we will have to be pretty careful when we ask the questions cos um so not 
to go straight to the point and they can easily make up an answer or something.’ 
(AH session 2 13/05/05) 
 
SL showed a strong awareness of how people might react in an interview and 
was thoughtful in considering how to engage them so that the answers obtained 
were useful.  
She listened carefully to the interview practices between the pairs of co-
researchers and commented that the interviews were most successful when 
they managed to develop into a real conversation rather than a scripted set of 
questions ‘I think it was good when they actually asked their own things. At 
times you don’t know what to say so you had to really think what to say.’ (SL int 
13/05/05).  
 
JB’s initial comments related to research skills were also focused on her own 
project question and her ideas about possible results.  She was very thoughtful 
about the interview practice session and the impact on the data gathered of the 
‘mood’ of the interview.   
 
This focus on how to manage the process of collecting data is understandable 
at this stage and each showed an appreciation of key barriers to success, and a 
determination to overcome them. 
 
Midway through the sessions we touched base on what had been achieved so 
far and already the group had picked up an appreciation of how these research 
skills might be relevant in school science ‘its taught me different ways and how 
to er take research and the use of ethics and things like that.’ (BC so far 
24/05/05).  Some had found the process very different to expectations and were 
becoming more aware of the detail needed to undertake a research project  ‘it’s 
a lot different and what… the process you have to go through to find out what 
you want to find out’ (AH interview 24/05/05).   
 
During the drafting process AH showed a deeper appreciation of ethics and 
sample ‘We tried to keep the question neutral and not offending either the 
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teacher or the pupil.’ and ‘we decided to take 10 from each year group – 5 girls 
and 5 boys from year 7, 9  & 11 as these years had just done or were doing 
SATs or GCSEs’  (AH drafting 13/07/05) 
As she gained more experience AC was able to unpick why there were 
particular difficulties or responses and how different respondents might 
answer... 
‘we were more nervous when we were interviewing older people as we were 
apprehensive as to what sort of response we were going to get, but they felt 
more confident in telling us whatever they thought.’ 
‘year 7s took it very seriously, were delighted at having been chosen and so 
they gave sincere and deeply thought out answers; trying to give us what they 
thought we wanted.’ (AC drafting interview 13/07/05) 
 
Early on BC had been very focused on managing skills but like the others this 
had developed into an appreciation of individual respondents viewpoints by the 
end of the taught sessions ‘people have different experiences and so if you 
interviewed different people you would get better ideas and results’ (BC email 
17/07/05) 
 
In the December interview AH also displayed a broader understanding of the 
difficulties of being a researcher and obtaining good data ‘if people have put 
something a bit dodgy you think – well what does that mean – and you would 
have preferred them to fill them in properly’  (AH ROP interview 14/12/15).  RB 
was interested in whether or not he could really understand what people are 
saying and how he could improve this communication through the interview 
process ‘try and find out what they really think – not what they are going to tell 
you’ (RB int solo 14/12/05).  This increased understanding of the challenges of 
being a researcher also impacted on their understanding of education generally, 
as JB says now I can see cos we’ve done the questionnaire we’ve had the other 
view of trying to get people to do it and its – hard’ (JB solo 14/12/05). 
 
For most of the COR the development of skills was an important outcome, JL 
had maintained a practical approach to research skills throughout.  His initial 
comments included expectations about the skills he had hoped to develop - ‘we 
will know how to do the research properly’ (JL so far 24/05/05), and in the 
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December follow up interview was confident that he had done so.  He listed his 
key benefits as ‘understanding the research process’, ‘experience analysing 
results’ and ‘I think I’ve learnt some more stuff about that [ethics] as well’ (JL int 
solo 14/12/05.) 
 
JB also commented on her own development ‘I’d never done any like 
questionnaires before so it was good, data collection and experience of that and 
um collecting results and more experiences of the graph and presenting at the 
assembly as well.’ (JB int solo 14/12/05) and she also noted her increased 
confidence, organisation and understanding of other points of view. 
At the same stage JS was also reflecting on the research process skills he had 
gained ‘I learnt good skills in like having to do the presentation and doing the 
questionnaires and all the ways of gathering and putting all the information so 
you can see it’ (JS int solo 14/12/05). He was also clear about the importance of 
setting out to do research thoughtfully and with resilience ‘You have to have 
quite a good question if you are doing research’ and ‘you’ve got to sort of like 
stick with it and try to find out a good answer for it’ (JS int solo 14/12/05) 
BC was very clear about the number and variety of skills he had developed that 
would be useful. In his solo interview he comments on some of these as 
‘experience ... understanding research ... understanding ethics – yes very 
important, definitely learning new vocabulary...um organisational skills’(BC int 
solo 14/12/05) and also reflected on the writing up of his findings for an outside 
audience as a useful skill in itself.  In the last, whole group, follow up interview 
18 months later he summarised this as ’putting a lot of information into a report 
– trying to cut it all down quite a task– cos it helped me organise ideas’. (BC int 
all 16/07/07) 
 
The value of co-researchers  
 
Once the data had been collected the COR group discussed the quality and 
interpretation of data in some depth. AC commented on the advantage of being 
a co-researcher in terms of the quality of the data obtained.  She felt that 
answers were likely to be differently expressed and differently understood when 
working within peer groups - ‘I think sharing their ideas with us, they thought 
we’d be more likely to understand as fellow pupils at the same school within a 
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year of them, having experience or going to experience school that they are in 
now. I think that with an adult researcher they know that they are not going to 
fully understand their answers about different aspects of school life where as we 
were experiencing it at the same time.’ (AC email interview 17/07/05)  AH 
agreed that the nature of the data would be affected and considered that their 
respondents would be more open in their replies.  She says ‘the people we 
interviewed were children so I think they found it easier to talk to us and so they 
told us more than they would tell an adult’  (AH email interview 17/07/05) 
 
I asked JS to unpick some of the difficulties in obtaining good data from 
interviews and  he was clear that this was not because of awkwardness or lack 
of confidence on his part but that that the quality of the answers depended on 
the participants confidence level ‘one interview it was almost like some of it was 
rehearsing their the answers – it was just – they were reading it out like that 
(mimes reading paper held in front of face) I don’t think their answers were as 
good as the more confident people.’ (JS int RB/JS 17/07/05).  RB explored this 
idea further.  He felt that the interview process put pressure on some to give 
‘right’ answers ‘I didn’t believe what some people were saying.  They don’t want 
to sound – don’t want to say they hate science in a science interview.’  (RB int 
RB/JS 17/07/05) 
They were also very clear that talking to a peer was helpful in enabling 
participants talk more openly  ‘there were some people who found it a bit more 
– like – they would be a bit more relaxed – talking to us’ ’ (JS int RB/JS 
17/07/05).   
 
JL commented that he thought ‘ that relationship does affect the answers you 
receive in an interview. Because, if the interviewee is someone you know well 
they are more likely to speak out their views openly, without leaving bits behind. 
Whereas if the interviewee is a person who you don’t know very well you got to 
be more cautious and more aware of your manners because you are not 
familiar with their personality. So you couldn’t ask questions that are too 
informal, like you do to a friend.’ (JL email 17/07/05).  However, he was equally 
convinced that this relationship did not affect his treatment of the data he 
obtained ‘My analysis of data is not affected by the relationship with those who 
gave it in any way’ (JL email 17/07/05) despite some frustration with some of his 
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respondents who did not contribute particularly well and he betrays a weaker 
understanding of research ethics than he had claimed earlier when he 
commented that ‘there was a boy called Jxxx in my class who sounded quite 
annoyed and apathetic when I asked him to complete the questionnaire. I 
thought about forgetting about him, but in the end BC and I said (lied) that Mr G 
wants everybody to fill in these sheets.’ (JL email 17/07/05) 
 
Both AH and AC also commented that working as a group of 8 in sub pairs had 
been a supportive approach generally and that the experience had been 
enjoyable as well as valuable.  AH had enjoyed the discovery element ‘I [also] 
liked the way that we could just test other people – like handing out 
questionnaires and like really searching for things we didn’t know before. And 
finding out new things’ (AH ROP interview 14/12/15) and also the research 
team work  ‘the best bit was – I love working in a team – it was like a help to 
have other peoples views’ (AH ROP interview 14/12/05). 
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6.3.2.3: Theme 3: Reflection and Metacognition  
 
 
Graph 6.3: Comments coded for Reflection and Metacognition 7 
(Reflection and Metacognition are coded 2PR and 3LM) 
 
There was a strong element of thoughtful reflection on what was being learnt 
and achieved through the project throughout but the nature of the discussion 
developed and deepened as they gained experience of their own research and 
engaged in discussions about the impact of this on their understanding.  Since 
this was largely a personal journey for each individual the following examples 
are presented in this way: 
 
AC and AH 
Both AC and AH also discussed the nature of learning – and being aware of 
how you are learning.  AC describes if from a perspective viewpoint ‘when you 
go into a lesson instead of just learning, we’re sort of learning from slightly 
outside point of view as well. So we’re knowing how we’re learning’(AC 
interview 24/05/05) whereas at this point AH is just aware that it is somehow 
                                              
7 Please note: The graph above is presented to offer an overview of the development of codes 
allocated over the progress of the project but it is important to note that this is not a linear 
timeline and results are from different data collection approaches, some of which were on the 
same dates (for example: the interview discussion and interview practice on 13
th
 May).  For this 
reason particular care to take the context of the comments into account is taken during analysis.  
For example:  The email item (17/07) was a response to a particular question about 
perspectives on research skills and so it is not surprising that 90% of comments were coded for 
reflection. 
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different ‘it’s sort of like changes the way you respond in class or something’(AH 
interview 24/05/05) 
 
By the end of the summer term as they were writing up this metacognitive 
element was more strongly established in their dialogue.  AC was more aware 
of the reasons behind work set than she had been before ‘when you have to do 
a homework or something you’re looking more into it and you’re seeing more 
processes - as well as the question.’ ‘rather than just doing it you’re looking for 
what’s behind’ (AC interview 12/07/05).  AH on the other hand was looking at 
how others learn as a result of her own project, and considering whether this 
might improve her own approach  ‘if you hear that someone does it one way 
and you hadn’t thought about it and it’s a really good idea you can think how 
you can do something better’ (AH interview 12/07/05).  This had an impact on 
her own choices about learning ‘it’s changed the way that I revise or take an 
approach to revision or how I take an approach to a project.’ (AH interview 
12/07/05) 
 
Reviewing the project after 6 months AH also applied this understanding to 
include her own place in the learning process in school and was conscious of 
the responsibility she had as a learner to consider the reason for work set and 
complete it thoughtfully ‘so if somebody has prepared a homework and its say 
taken an hour to prepare that homework – then its just fair to take an hour to 
complete it’ (AH ROP interview 14/12/05).   
AC was using the experience to think about her own aims in revision ‘I think that 
was helpful – because I could look upon what I need to get out of an exam and 
what I need to get out of a project and actually I need to get out the same thing’ 
(AC interview 14/12/05) and also by observing the other co-researchers 
development and noticing what they were learning ‘doing it as a group you saw 
other people move on and you can sort of see what they were doing and how it 
applied to you’ (AC interview 14/12/05) 
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JB had been very focused on the practical elements of the project during the 
early part of the project but as her results and writing started to come together 
she drew on them to give her the confidence to say that her approach to 
learning had become more focused and motivated ‘now you’ve seen the effort 
that goes into it’  (JB int all 12/07/05). She summarised this development in her 
her solo interview the following December, calling it a ‘new insight into learning’ 
(JB int solo 14/12/05).  It had contributed to increased confidence, she was 
proud of herself for presenting ‘I thought I’d be quite scared but I actually 
enjoyed it like presenting – I was surprised’ (JB solo 14/12/05) and was clear 
that a main benefit to her was ‘Increased confidence making decisions on our 
own’ (JB solo 14/12/05) 
 
SL had been strongly interested in improving the learning experience for 
everyone right from the start.  She discussed the impact of teaching style on 
student interest throughout and indeed that was the main driver for her own 
project.  By December she had clarified this for herself as ‘if you don’t find it 
interesting then you are not going to learn from it.’ (SL int solo 14/12/05) a view 
that her data had confirmed but that she had always felt for herself but she had 
also gained a broader perspective about what factors affect the teaching too (as 
detailed above) and this meant that by the end of the project she felt she had 
gained a ‘sense of knowing how we are learning’ (SL int solo 14/12/05).  SL had 
also developed her understanding about how she (and others) learn as a result 
of her project.  Most of this focuses on her relationship with the teachers and 
her impression about their interpersonal relationships.  She recognised that she 
needed to feel noticed and important and that they were interested and learning 
alongside the class.  She had valued the opportunity to develop her own 
confidence through the interviewing process and through presenting her work to 
a variety of audiences. 
Reflecting back on the project she was clear that this understanding would help 
her respond well in circumstances such as interviews for jobs ‘when you 
interview people you’re interacting with them in a different way to what you 
normally would and its on the whole when you’re going to get a job you sort of 
know how the procedure goes and stuff like that.’ (SL int all 16/07/07) 
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RB discussed learning openly from the drafting stage of the project onwards.  
He took an active role in supporting his peers in drafting their own reports and 
balanced positive feedback with helpful critique.  About AC and AH’s report he 
said ‘I thought it was good that they recognised that they’d gone wrong and they 
realised that even though it was good they could have done better and its quite 
hard to put that’ (RB drafting AH/AC 12/07/05).   
 
He identified gaining an overview and perspective of what he had already learnt 
as a main benefit to him from the project. He was still assimilating some of this, 
such as terminology but was clear that ‘what I’m doing best is reviewing science 
knowledge and understanding.’  (RB int all 12/07/05).  He also commented on 
how his view of science had developed as a result, becoming more conscious 
of his learning.  Before the project he had ‘just been learning science, if you 
know what I mean, now I’m learning about science, learning about what people 
think about science and it’s made me see more widely what other people think.’ 
(RB int all 12/07/05).  This metacognitive development was not confined to 
science ‘I’ve been doing that for other subjects as well.  I’ve been looking at 
what they want me to do instead of just …doing it.’ (RB int all 12/07/05).   
 
Others in the group were less outspoken about the development of their 
understanding of learning.  JS made passing remarks that indicated he was 
aware of this such as  
 ‘I was just going to say - I look at many things from a different perspective and 
different like angle not just as it is.’ (JS int all 12/07/05) and BC referred to it as 
part of the process of writing his report that had caused him some difficulty ‘its 
hard – cos like when you stop doing something then you have to think – what 
did I do last time and you always have to jog your memory to do the write up 
and things like that – so I found that hard’ (BC int solo 14/12/05).  
During these discussions JL listened politely but did not join in.  His view of 
these discussions is summed up in one comment at the very end of the project 
when we had been discussing how learning is affected by all these different 
factors and feelings.  When asked what he felt about helping students learn 
best he simply said 
‘they should just learn’ (JL int all 16/07/07) 
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6.3.2.4: Theme 4: Use of Questioning & application of skills to 
School Science  
 
 
Graph 6.4: Comments coded for Questioning/ School Science8  
Questioning (2PQ) and School Science (1PS) 
 
The use of questions is highlighted throughout the project and includes 
interviewing as a skill for research, devising questionnaires, how to ask 
questions and interpret answers and the application of these skills in life.  SL 
identified questioning as a key skill both in terms of gaining insights into other 
people’s ideas (and that this wasn’t a simple process!) and in answering them 
herself – she related this to interview for employment and anticipated that this 
understanding would be of benefit for her in the future. 
 
She identified this idea at several points in the progress of the project and 
identified it right at the end as one of the most useful applications of the project 
in practical terms ‘I thought about being interviewed - when you interview 
people and you’re like interacting with them in a different way to what you 
normally would ... when you’re going to get a job sort of how the procedure 
                                              
8 Please note: The graph above is presented to offer an overview of the development of codes 
allocated over the progress of the project but it is important to note that this is not a linear 
timeline and results are from different data collection approaches, some of which were on the 
same dates (for example: the interview discussion and interview practice on 13
th
 May).  For this 
reason particular care to take the context of the comments into account is taken during analysis.  
For example:  The interview discussion (13/05) was a discussion about how to ask questions to 
avoid bias and engender individual responses and so it is not surprising that over 70% of 
comments were coded for questioning. 
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goes.’ (SL int all 16/07/07).  RB also notes it as a highlight but from the 
perspective of  ‘actually getting the questionnaire back to see what people say’  
(RB int all 16/07/07) 
 
Questioning was not the only application that the COR group identified as useful 
and they commented frequently on the application of the skills they had 
developed to their science work in school. 
RB commented that doing research was ‘like doing experiments, because you 
have to set it all up and then you have to do your research on it and then you 
like put your results down’ (RB so far 24/05/05),18 months later AH touched on 
the same point and noted that the experience had helped generally in her 
approach to school learning ‘we know how to go about it then in coursework as 
well it just helps you sort of get down and say you just do this and then do that 
and then that works’ (AH int all 16/07/07) 
 
Impact on School Science (1PS) 
 
Fairly early in the project JL could identify some useful aspects that he was 
developing around practising science skills:  ‘in science we do tests as well - we 
need to do them fairly so that we get fair results and this is related because we 
need to do our tests fairly so that we get fair results by like keeping the method 
consistent, without changing it – otherwise we’ll get bad results’ (JL so far 
24/05/05) 
 
SL had noticed some gain in science skills in terms of setting out her 
investigations and was finding the use of questions within her research project 
more challenging than she had anticipated.  She also commented that the 
extended project allowed time to consider the ideas in greater depth than in 
lessons ‘if we were going to do interviews in lessons we wouldn’t go through it 
as thoroughly as we would have done and we wouldn’t necessarily understand 
it.’ (SL so far 24/05/05). 
 
Towards the end of the first phase of the project BC also noted that working on 
this kind of project had helped him hone skills he used in school science, and 
that this had benefits because the ‘experience [of] going over and over again 
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like – getting it right’  meant that ‘you know what you’re going to do straight 
away.  It’s not like spending hours trying to work out what you’re doing’ (BC int 
all  12/07/05).  JB noted the impact on her ability to analyse data ‘I’m getting a 
lot better at working with data and analysing it’ (JB int all 12/07/05), 
 
By December the group were making comparisons between research, life and 
school science and drawing out lessons that could be transferred between the 
two.  SL, who was consistently observant throughout the project and reflected 
thoughtfully on the outcomes, had discovered the need for a broader 
perspective in science and was thinking about how the school science from 
lessons related to real life.  This led her to think that the questions she asked in 
science lesons should be framed from real life ‘if you really want the information 
that badly you can’t just ask a small question you have to have a broader 
horizon.’ (SL int solo 14/12/05).  
 
JS also identified the usefulness of the skills in school science and on into ‘real 
life’.  He commented that he had found himself ‘applying skills learnt in school 
because we learnt about the questions and questionnaires and stuff’ (JS int solo 
14/12/05)  and that he had a ‘better awareness of experimental procedures 
because we actually did it step by step’ (JS int solo 14/12/05).  One of his 
recurring interests was in ethics and he had been pleased when something 
similar came up in school – ‘that was just interesting because we were a step 
ahead’ (JS int solo 14/12/05) 
 
For JS this discussion identified that the project was subtly different from school 
science because of the opportunity to do a ‘real’ and extended piece of 
research ‘stuff we just wouldn’t do in a science lesson in school and so it was a 
great opportunity to do some like real research’ (JS int solo 14/12/05).  This 
enabled him to apply newly practiced and adapted skills and develop a broader 
perspective on his learning in school.  
 
At the follow up interview 18 months later JB was clear that the project had 
provided useful skills that she had been able to apply in her science learning 
‘we knew like – in our physics projects we had to make graphs out of data and 
analyse what we had been given and find out – and create a conclusion out of it 
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at the end – and that was basically what we did before’ and ‘we sort of had an 
advantage because we knew how to go about it – when other people didn’t’ (JB 
int all 16/07/07)   
 
JS view on how science should fit into life is mature and well expressed – ‘I 
think it’s good not just to learn science and do little experiments to find out 
theories and stuff but its best to apply science in sort of more other i don’t know 
– everyday things’  (JS int all 14/07/07) 
 
SL was pleased to find that school science had become more challenging and 
relevant in school and that as a result ‘people take it more seriously’ (SL int all 
16/07/07) and were less likely to want entertaining ‘less like ooh lets blow up 
something’ (SL int all 16/07/07). For herself this meant that the project had been 
useful in broadening her horizons, giving her the skills to ask her own questions 
and framing science within real life. 
‘even though you don’t go like and do all the presentation you still have to find 
your real research and start with that and like the balance and all that as well’ 
(SL int all 16/07/07) 
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6.3.2.5: Theme 5: Nature of and Attitude to Science and 
Research.  
 
 
Graph 6.5: Comments coded for Nature of/ Attitude to Science 
and Research 9 
Codes for Nature of Science (4SNS), Attitude to Science (4SAS) and Nature of  
Research (4SNR) 
 
JB had raised the nature of school science and research at the very start of the 
project, demonstrating an interest in exploring a different approach and so 
broadening her experience,  she often came back to her developing 
understanding commenting on the importance of people’s views, teachers and 
peers, and how school science was changing as she went up the school.   
 
JL commented that although his attitude to school science had always been 
good, conducting his own project had consolidated and validated this through 
finding that other people liked it too; ‘I like science more now because I know 
that, there’s are a lot of people who like science.’ (JL int all 12/07/05).  BC was 
also interested in unpicking his own attitude to and understanding of science 
and scientific research during the project and later came to discuss these more 
openly and with more confidence. 
                                              
9 Please note: The graph above is presented to offer an overview of the development of codes 
allocated over the progress of the project but it is important to note that this is not a linear 
timeline and results are from different data collection approaches, some of which were on the 
same dates (for example: the interview discussion and interview practice on 13
th
 May).  For this 
reason particular care to take the context of the comments into account is taken during analysis.   
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Comments linked to this theme are infrequent at the start of the project and 
sporadic during the first phase.  However, in the final interview 18 months after 
the project a rather heated and well fought battle on the nature of science and 
research and attitudes to them spontaneously arose (4SNS, 4SAS & 4SNR).   
 
The debate was centred on whether or not ‘soft’ research such as social 
research, that relies on qualitative data is important in its own right or whether 
‘hard’ quantitative science research is always more important, relevant and 
trustworthy.  It was interesting to observe this group of co-researchers pick up a 
traditional, well documented and unresolved issue and to hear their individual, 
well expressed, confident and at times passionate views.  Advocates for ‘hard’ 
research were those most committed to science as a career (JL and BC).  BC 
had by now consolidated a clearer overview of his own preferred approach and 
with interest in science reaffirmed and established was able to comment that ‘I 
think like social research is a bit trivial to be honest – I’m not really bothered 
with it, much rather find out how things work rather than gather peoples views’ 
(BC int all 16/07/07).   
 
JL commented that ‘doing research about facts – that might be interesting but I 
was never very interested other peoples opinions about science’ and reaffirms 
that research needs to be about ‘what’s true –real science’ (JL int all 16/07/07) 
 
JB had also grown in confidence and was able to articulate opinions that were 
clearly going to raise debate - she suggested ‘boys generally prefer facts and 
girls are more interested’  (JB int all 16/07/07) which caused the uproar she had 
intended but which she defended as broadly evidenced from everyday 
conversations with peers. All three girls present generally defended ‘soft’ 
research but perhaps the most effective argument was presented by AH: ‘soft’ 
research, she argued, was  ‘interesting and important’ and that ‘whatever you 
do you are going to have to research something ... wherever you go like in life 
even if its just in your head’ (int all 16/07/07) 
 
The other two boys (RB and JS) played a conciliatory role, summarised the 
arguments and suggested that both views were valid.  RB offered a balanced 
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view that most could agree with - that it [soft research] certainly had value ‘if you 
are finding out how students thrive and about the teachers’ and that it was 
important to continue to help teachers understand their pupils because ‘if you 
didn’t have a good teacher – then you wouldn’t learn as much’.   
It made me want to start a whole new research project on perceived value of 
research to see if there are key factors at play or if, as JB suggested ‘the 
outcome was that everyone is different’ (JB int all 16/07/07) 
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6.3.2.6: Theme 6: Confidence and Value  
 
 
Graph 6.6: Comments coded for Confidence and Value 10 
 
Confidence (2PCV) was a theme that was first raised by JL who commented in 
the second session ‘it helps you to develop your common sense, like, you know 
what to do just by looking at it and not having to learn facts, you can learn from 
your own experiences’, this was important to him and he went on to explain  ‘I 
think it helps you to like decide properly.  Cos you’ve gotta, be more decisive 
and sometimes you just have to give up things and be like more determined to 
do what you’ve got to do like this.’ (JL so far 24/05/05) 
 
The value theme (2PCV) was interwoven with JS’s gain in skills and confidence 
and pride in achievement, he had hoped from the start that he would do 
something of worth ‘I decided to do it because I thought it would be a good 
experience and I would have some…a piece of work afterwards that I would be 
able to look back on.’ (JS why 24/04/05) 
 
In their solo December interviews both AH and AC displayed clear pride in 
achievement, something AH called ‘worth’ and a growing sense that they could 
                                              
10 Please note: The graph above is presented to offer an overview of the development of codes 
allocated over the progress of the project but it is important to note that this is not a linear 
timeline and results are from different data collection approaches, some of which were on the 
same dates (for example: the interview discussion and interview practice on 13
th
 May).  For this 
reason particular care to take the context of the comments into account is taken during analysis.   
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contribute something unique and valuable.  AC commented ‘I know that we’ve 
done some interesting research and got - found some interesting things out and 
if they want to know it – and we are the only ones that can tell them – so they 
are going to listen’ (AC ROP interview 14/12/05) 
 
She also noted a growth in confidence in the group to tackle challenges that 
might have seemed daunting before ‘the main benefit is from now on we could 
given an enquiry in any subject we could go on and do it and we feel more 
confident with interviewing and questioning’ (AC 2PCV interview 14/12/05) 
AH also demonstrated pride in her achievement and growing confidence in her 
own ability ‘its like made me sort of when I’ve been doing it really sort of 
realised that I’m not stupid – do you know what I mean?’ (AH ROP interview 
14/12/05).   She noted that the process was less daunting than she had 
imagined ‘we were interviewing people we knew so it didn’t seem any harder at 
all’ because ‘they were so cooperative and they didn’t ask why we were doing it 
I was really surprised at that’  (AH email interview 17/07/05) 
 
JB was enthusiastic about the amount she had learned through conducting her 
own project.  She listed a wide range of benefits she felt she had accrued which 
included organisation, confidence, skills around data collection and analysis and 
commented that she had surprised herself by enjoying presenting her own 
findings, and had developed an interest in devising and finding out about 
research questions  ‘the best bit was at the end when we know – even in a 
report or a presentation because you’ve done all the work and you then you see 
what you’ve done. Cos when I wrote the report the first time – I didn’t think 
about it and then when I read it again when we went back to the presentation I 
kept thinking wow did I actually write that!  So its like the satisfaction that you 
have actually done something’ (JB int solo 14/12/05).  In a separate individual 
interview JS also demonstrated satisfaction with the value of the projects 
achieved, although this seems to have been a surprise to him I didn’t think it 
would be as sort of like useful as it was ’that’s quite important because it’s going 
– it’s all useful’ (JS int solo 14/12/05) 
 
This highlighted the benefits to the group of the presentation phase which had 
enabled them to appreciate what they had achieved by reviewing it 6 months 
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later.  The majority specifically mentioned their justified pride in achievement 
reinforced by the presentation in preparation for which we had gone over their 
reports again.   
 
The teachers they interviewed commented on the professionalism of SL and her 
partner (JB) ‘I was impressed with the two girls who interviewed me – I was 
really impressed with how they did it.  They seemed to be going about it very 
professionally’ (OM int 09/12/05) and this gain in mutual respect remained a 
significant moment in the project for both girls.  In her solo interview in 
December SL’s comments returned again and again to the communication 
between students and teachers and the need for teachers to understand the 
impact of their teaching on the motivation of the students in their class.  She 
clearly understood both sides better than before and was more aware of 
underlying communications such as ‘we see they often make like little 
comments which are funny’ and ‘the teachers are – connecting with you more – 
because its not just you do this you do that watch this do this – its kind of like 
talking to them as if you are the same level and not like the children are below 
you’  (SL solo 14/12/05) for SL this recognition from the teachers was very 
important. 
 
SL had appeared confident in herself throughout. Her teachers certainly 
perceived her as confident both in terms of how she conducted interviews within 
her project and also in her ability ‘my view of those [SL and JB] is that they are 
exceptionally bright’ (DrH int 16/07/07).  SL’s own comments about this reveal a 
different story, one of being unsure about the process but determined to do it  
‘the first like – I know now not to do it – but when I first went to interview the 
teachers I was kind of like ummmm [indicates really low confidence], but now I 
know that if you are going to be like that you are not going to get anything out of 
there’  (SL 14/12/05), and also a growing understanding of how this relates to 
any new situation, such as a job interview  ‘you go into the interview and um 
you’re really shy and you don’t know what to say so you just go along with what 
they say and - you have to go into an interview you have to be confident you 
have to know you need to really understand yourself before you can tell other 
people about yourself.’  (SL int solo 14/12/05) 
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She was also pleased with the success of the project in broader terms, although 
the data was less clear cut than she expected, ‘I knew that it could like benefit 
students and teachers – both who have been involved in and as I’m a student 
it’ll benefit me in the long run’ (SL int solo 14/12/05)  this confidence in the value 
of the study remained very important over time,  
 
Having chosen his question because he believed that it was of use to the school 
JS was very interested in sharing his results effectively.  ‘I think its important 
because when we found out what we did find out – especially for us you could 
like tell it to teachers and stuff and hopefully ...it will be picked up’ (JS int solo 
14/12/05) 
 
JS was clearly very pleased to have been involved and proud to have 
completed a valuable piece of work ‘it was a great opportunity to do some like 
real research’, ‘you wouldn’t do that in a school science lesson and that’s like 
what you could put in like a degree or something’.  He was clear that this was 
valuable and had meaning and hoped that ‘and someone could maybe put it to 
use and that’ 
 
In the follow up interview 18 months later when asked what the best part of the 
project was for her SL highlighted the value of the project findings ‘the sense of 
knowing that ... its going to benefit a whole lot of people – because if they find 
lessons boring then lessons are probably going to improve’ (SL int all 16/07/07) 
 
RB identified confidence as the most important benefit to him ‘I think I’ve really 
.... suddenly I’ve felt very confident following this’.  He also felt that the project 
had intrinsic value in itself, as well as an experience and was careful to 
distinguish the research done in school (looking things up) from the research 
project he had been a part of about which he said ‘I think thats more of 
value....when you are actually finding out your own stuff your own interest rather 
than something that’s already been done you just have to find out what it says’ 
(RB int all 16/07/07).   
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6.3.2.7: Theme 7: Other individual items 
 
a) Ownership, responsibility and individual cost – BC (2PCO, 6NCR) 
 
Graph 6.7: Comments coded for Ownership and Individual Cost 
11 
   
An initial focus in the ‘ownership’ of the process (2PCO) remains an interest 
throughout for BC, although not a strong theme.  Initially he saw this as a 
reason for getting involved in that it was ‘taking a step further than in class’ (BC 
why 29/04/05).  As time progressed however this became linked with his 
organisational development in terms of taking responsibility for the aspects of 
the project he was in charge of ‘I always have it already organised for myself 
what I have to do’ (BC int solo 14/12/05).  This increase in confidence and 
ability to be ‘working very independently’ (PC 14/12/05), was also noted by his 
teachers and in turn was linked to his understanding of some of the 
responsibilities teachers have in relation to their teaching ‘if they’re putting loads 
of work in for me then I should do that back to them’ (BC int solo 14/12/05).  
This responsible view is also reflected in BC’s comments on the cost to him 
personally in completing the project (6SNCR).  He does so very factually 
without undermining his clear value in having taken part but is able to list the 
challenge in terms of difficulty and cost in terms of time that he has contributed. 
                                              
11 Please note: The graph above is presented to offer an overview of the development of codes allocated over the 
progress of the project but it is important to note that this is not a linear timeline and results are from different data 
collection approaches, some of which were on the same dates (for example: the interview discussion and interview 
practice on 13th May).  For this reason particular care to take the context of the comments into account is taken 
during analysis. 
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b) Dissemination – JL, JB (5RD) 
 
 
Graph 6.8 : Comments coded for Dissemination 12 
 
JLs summary of the outcome he expected from his own project was of two 
contrasting factors; going to clubs ‘takes up a load of our time which means we 
have less time to revise for science.’ but that going ‘sort of gives you a break 
which helps you to relax from doing your work’ (JL pair int 13/05/05).  He also 
had the most ideas about where the project reports might be shared ‘You could 
put it on the school website or something – results or whatever we call it.  Um – 
we’d able to show results on like, the school website, magazine, school 
magazine and most things to do with school’ (JL pair int 13/05/05)  showing a 
wider ambition than the other co-researchers. 
 
Other COR also had ideas about how the results should be shared 
JS ‘hopefully ...it will be picked up’ (JS int solo 14/12/05) ‘the whole process 
from start to finish is quite...is just quite interesting like doing our own bit of 
research and finding out the answer and doing a presentation on it’ (JS int all 
16/07/07) and for some this sharing was a key part of the whole project. The 
‘best bit was at the end when we know – even in a report or a presentation 
                                              
12 Please note: The graph above is presented to offer an overview of the development of codes 
allocated over the progress of the project but it is important to note that this is not a linear 
timeline and results are from different data collection approaches, some of which were on the 
same dates (for example: the interview discussion and interview practice on 13
th
 May).  For this 
reason particular care to take the context of the comments into account is taken during analysis.   
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because you’ve done all the work and you then you see what you’ve done. Cos 
when I wrote the report the first time – I didn’t think about it and then when I 
read it again when we went back to the presentation I kept thinking wow did I 
actually write that!  So its like the satisfaction that you have actually done 
something that is..[worthwhile].’ (JB int solo 14/12/05) [my interpretation] 
 
c) Organisation – RB,JL, JB, BC, AH (2PO) 
 
 
Graph 6.9: Comments coded for Organisation 13 
 
Most of the COR group mentioned organisation at some point during the 
project, mostly in terms of becoming more aware of how important it can be and 
that they were practicing and improving organisation skills along the way.  
RB was the first to notice that being part of the project ‘makes you more 
organised and it means,  its cos you’ve come down here at lunchtime you like 
make sure you’ve like done it all. So you are all prepared for this, you’re ready 
to do your questionnaire.’ (RB so far 24/05/05). 
The others noted it on reflection during phase 2 
RB ‘its made me a bit more organised as well I think’ (RB int solo 14/12/05) 
                                              
13 Please note: The graph above is presented to offer an overview of the development of codes 
allocated over the progress of the project but it is important to note that this is not a linear 
timeline and results are from different data collection approaches, some of which were on the 
same dates (for example: the interview discussion and interview practice on 13
th
 May).  For this 
reason particular care to take the context of the comments into account is taken during analysis.   
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JL ‘increased organisational skills – I think I’ve got better at that’ (JL int solo 
14/12/05) 
JB’ everyone found that helped cos you had to like organise your time and all 
that’ ‘yes – and doing things like organisational skills and that for careers and all 
the questionnaires and all that was good as well’ (JB int solo 14/12/05) 
BC was particularly focused on this benefit to himself which he described as 
substantially improved and highly successful ‘normally I used to be quite 
unorganised and I use to think and I’d have moments of sudden – oh I‘ve got to 
do it so I’ve got to do that – but now I always have it already organised for 
myself what I have to do – when I have to do it ‘ (BC int solo 14/12/05) 
AH attributed this to the structure of the project itself, both overall and in terms 
of the guidelines we had developed for undertaking particular elements of the 
research process.  For her it was ‘the way we did things – we like cos we had a 
structure of how to go about doing stuff and didn’t just get stuck’ (AH int solo 
14/12/05) 
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6.4: Summary of Data Analysis  
 
Returning to the questions posed at the outset of this project, these are the key 
points that emerge from the analysis which will be discussed fully in the next 
chapter (Chapter 7:  Discussion and Conclusions). 
 
6.4.1: Research Question 1 
How might working as a co-researcher impact on attitude to 
learning science? 
 
Background data: 
 Background attitude change in the school is broadly in line with the 
literature and declines year on year (significantly between year 8 & 9) 
 Factor analysis identifies 3 underlying factors:   
 Factor 1:  Science is good for the world 
 Factor 2: I would like to be involved in science 
 Factor 3: Science Process is useful in daily life 
 Factor 1 increases significantly between each year group 
 Factor 2 does not change significantly (although trend is downward) 
 Factor 3 declines significantly between each year group (masking F1) 
Comparison of Co-Researcher group with other groups:  Overall Attitude 
(BEEScore) 
 The Co-Researcher group overall attitude to school science is broadly 
in line with other groups in the period before the project started. (year 
7/8) 
 The Co-Researcher group overall attitude (BEEScore) to school 
science contrasts markedly to the cohort as a whole and both the top 
set and lower sets during the project period (year 8/9).  During this 
period it rises where overall attitude in the whole cohort falls. 
Factor 1:  Science is good for the world 
 The Co-Researcher group showed a significant difference from the 
whole cohort and from the lower set during the period of the project.  
There was no significant difference from the top set. (year 8/9) 
Factor 2: I would like to be involved in science 
 The Co-Researcher group showed a significant rise in Factor 2  
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 The Co-Researcher group showed a significant difference from the 
cohort as a whole and both the top set and lower sets during the 
project period (year 8/9).  During this period it rises where overall 
attitude in the whole cohort falls. 
Factor 3: Science process is useful in daily life 
 The Co-Researcher group showed a significant difference from the 
whole cohort and from the lower set during the period of the project.  
There was no significant difference from the top set. (year 8/9) 
 
In all factors and the overall attitude to school science the CoR group mean 
scores rise over the period of the CoR project. 
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6.4.2: Research Question 2 
What are the consequences for them in terms of understanding 
of science or research, of attitudes to learning etc? 
 
Section 6.4 identified 7 areas of impact that the co-researchers recognised as 
important which were discussed as the following themes: 
Theme 1: Recognising Perspectives  
Theme 2: Research Skills and the value of co-researchers 
Theme 3: Reflection and Metacognition  
Theme 4: Questioning and other Skills  
Theme 5: The Nature of and Attitude to Science and Research  
Theme 6: Confidence and Value  
Theme 7: Other individual themes and comments. 
 
However whilst these are substantial themes that deserved full consideration in 
their own right, they contain areas of commonality and overlap which support a 
further conflation to 4 main themes under which to summarise the key points 
Co-Researchers identified as consequences for them of the Project. 
 
Discussion Theme 1:  Developing Ontology 
Corresponds to Analysis Theme 5: The Nature of and Attitude to Science and 
Research  
 
Discussion Theme 2:  Developing Skills 
This is made up from Analysis Theme 2:  Research Skills, Analysis Theme 4: 
Questioning and parts  of Analysis Theme 7 - dissemination and organisation. 
 
Discussion Theme 3: Developing Confidence 
Notions of personal development around confidence, responsibility and value 
which was discussed largely in Analysis Theme 6: Confidence and Value and 
also section a of Analysis Theme 7: Ownership, responsibility and cost. 
 
Discussion Theme 4: Developing Reflection  
Comprises Analysis Theme 1: Recognising Perspectives along with linked data 
in Analysis Theme 3: Reflection and Metacognition 
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6.4.2.1 Discussion Theme 1:  Developing Ontology 
 
 increasing awareness of the research process  
 greater ability to discuss science in a wider context that related to their 
future careers and approaches to scientific and research led knowledge. 
 Developed and argued for their own independent pedagogical approach 
 The group as a whole had developed a deeper understanding of the 
difficulties of gaining a meaningful insight into what people think and how 
the context and style of engagement can affect this.   
 
 
6.4.2.2 Discussion Theme 2:  Developing Skills 
 
 a deeper understanding of ethics  
 greater confidence in analysing data  
 experience of extended investigations  
 enhanced understanding of questioning including using questionnaires 
and interviews 
 more sophisticated approach to future engagement in research as 
participants and researchers  
 enhanced understanding the nature of conversations and the questions 
they might be asked in tutorials or during interviews for jobs.  
 heightened awareness of situations and contexts and the agenda behind 
these so that they could consciously make the most of them.   
 
6.4.2.3 Discussion Theme 3:  Developing Confidence 
 
 more articulate and grounded in their discussions, able to disagree with 
confidence in defence of their own viewpoint and to draw on evidence to 
support their view.   
 increased confidence,  linked to awareness and understanding of the 
research process but goes beyond it.   
 awareness that they could do some things better than adults or other 
groups and that the power to discover lay in understanding the question, 
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starting from the right place  and applying well considered approaches to 
unpick the problem. 
 discovered the value of the CoR group in a new way, many of them 
acknowledged that the discussions within pairs or the whole group had 
been influential and illuminating and despite not being a friendship group 
at the outset they were able to challenge and take risks secure in an 
ethos of mutual achievement and understanding 
 
6.4.2.4 Discussion Theme 4:  Developing Reflection 
 
 greater understanding of the way in which their peers feel in different 
contexts and how they respond to different people.   
 awareness of how much time and commitment teachers take to support 
learning, and as a result they (Co-Researchers) were more motivated 
and had more faith in the intention and purpose of taught sessions.   
 broader perspective on learning in general and how education works in 
schools. 
 greater awareness of the range of learning approaches in their peer 
group, and inclination to consider these when selecting their own.   
 more inclined to reflect on their own learning, actions and achievement 
and those of the wider group  as the project developed.   
 Metacognition – the development of another layer of thinking:  thinking 
about how they were learning and how they might alter their approach to 
improve the outcomes for themselves.  
 conscious of their engagement in their learning - which appeared to be 
more deliberate and thoughtful.  
 Increased awareness of the value of reflection on questions they had 
come to consider important.   
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6.4.3: What do we find out about good school science? 
 
Key findings for this question come from the researchers own studies (section 
6.2) as well as some points gleaned through the multi grounded theory coding 
analysis.    
Each of the individual Co-R projects identifies some interesting suggestions for 
good science teaching: 
 that girls might be better motivated by contextualised science 
 that boys respond better to direct encouragement 
 that students might like year 7 topics because they are familiar 
 that year 7 topics were better liked than year 8 topics 
 that individuals revise in different ways, so a revision ‘menu’ is preferable 
 that practice in taking tests is useful and reassuring 
 that teacher enthusiasm engenders student enthusiasm 
 that understanding teachers rationale for teaching styles help maintain 
motivation 
 that clubs are an underused resource for raising enthusiasm for science 
 that links between science and clubs needs to be more explicit 
 perhaps also that not all activity should be about learning, relaxation is 
also beneficial to learning. 
Perhaps, given the list above it might also be possible to suggest that good 
school science can be enhanced through engaging students in designing their 
own curriculum or approach. 
 
There were also some useful findings that emerge from the multi grounded 
theory approach in section 6.3.  these suggest that the following approaches 
might also contribute to engaging students in school science and hence 
enhancing their learning: 
 Ownership: developing their own projects  
 Extended projects:  time to explore meaningful projects in more depth 
 Dissemination and value:  real projects that are useful and valued   
 Challenging discussion: in which students critique their own and others 
work. 
 
229 
 
6.4.4: How does the school build on this via further student 
research? 
 
It is clear from interviews with the science team at the school that they were 
impressed and interested in what the Co-Researcher group were doing and 
commented that ,if the suggested outcomes were real, then an ongoing Co-
Researcher programme would be useful.  In the event this did not turn out to 
work, mostly because the teaching staff did not have, or did not commit, 
sufficient resource to make it happen.  In other words they did not assign 
sufficient value to it. 
 
It is clear from the analysis that  
 Students know the important questions that will be of benefit to the 
school and are competent to ask and explore answers to them. 
 We need to attend to valuing students for the answers they produce and 
not just the progress they are making as learners 
 Students need to understand why teachers plan, teach and  assess the 
way they do – it helps them trust the process and the learning journey. 
 Schools need to believe (and demonstrate that belief) that their students 
have much to contribute and have high expectations that they will  
 Students often want to make a difference 
 Students need real opportunities to do so 
 Being valued beyond the school makes a lasting impression 
 Even able students can lack confidence. 
 
For these reasons I would suggest that a Co-Researcher programme would be 
of benefit to a school, but it is not something to be undertaken lightly or without 
care to ensure sufficient resource over a significant period: 
 A Co-researcher group can be a useful resource but needs to be valued, 
nurtured and rewarded 
 Co-Researcher training is for students and teachers in partnership 
 Beware disillusionment (McLaughlin) 
 Beware giving the impression that the school is less interested than other 
wider audiences 
 Schools need to match principles espoused with actions 
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 The window for engagement is short – they will move on and learn other 
skills that are more successful/ rewarding (4 hats?  Children are experts 
in learning – just not always what you want them to...) 
 Once a Co-Researcher – always a co-researcher.  They know about 
ownership!  So teachers need to learn how to work with co-researchers 
too. 
 Students need challenging discussions in a safe environment so that 
they develop the skills to hold their own – CoR projects can do this 
through the team work involved. 
 Co-R projects need to have high task value for the school and very clear 
information for all concerned about the terms of involvement. 
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Chapter 7:  Discussion and Conclusions 
 
7.1: Limitations 
 
7.1.1 Sample size and type 
 
The sample in this project is small and therefore any generalisation from these 
results to similar populations is risky.  Additionally, since the sample is not 
randomly chosen it cannot be said to be a representation of a wider population.    
Statistical analysis is useful, however, where a large variation indicates that 
some findings might be relevant to groups with similar characteristics.   
This is essentially an interpretive study and its impact outside the co-researcher 
group is through the process of transferability where knowledge of the 
characteristics of this sample indicate that some of the findings might apply to 
groups with similar characteristic with due caution. 
 
7.1.2: The need for caution: Self selecting, positive 
reinforcement, Hawthorne and Researcher effects. 
 
One possible explanation for the results obtained is that this is a self selecting 
group of students who were inclined to be positive about school science, were 
by their very nature willing to be involved or they would not have signed up to 
the project and who, by completing a successful project were likely to be even  
more enthused with science and the process of undertaking research.  My own 
background and aims in undertaking this research are also likely to have 
impacted on the selection of the group and on my interpretation of the results.  
As Berger points out 
'the degree of researcher's personal familiarity with the experience of 
participants potentially impacts all  phases of the research process, 
including recruitment of participants, collecting data via interviews and / 
or observations, analysing and making meaning of the data, and drawing 
conclusions.' (Berger 2013 p11) 
 
Additionally, there is also the danger of there being a Hawthorne or researcher 
effect which, for many years, has been accepted as a potential pitfall of 
research in that there is a perceived impact on a situation such that being 
researched changes the outcomes of the situation under study. 
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‘proponents of the Hawthorne effect say that people who are singled out 
for a study of any kind may improve their performance of behaviour not 
because of any specific condition being tested, but simply because of all 
the attention they receive.' (Rice 1982 p71) 
 
Levitt and List identify three aspects of the Hawthorne effect that might be 
relevant:  The first is 'participation in the experiment, rather than the 
experimental manipulation itself', which relates to the amount of attention 
received by the research participants, the second is 'driven by the experimental 
treatment itself' and relates to regular reminders that this is a research project 
and the third is a result of the relationship with the researcher in that 
'experimental subjects attempt to act in ways that will please the experimenter' 
(Levitt and List 2011 p228) 
Rice details the discrediting of the original research that coined the phrase 
through identification of ‘serious gaps and flaws in the published reports of the 
Hawthorne experiments, but also a number of what he calls "confounding 
variables" that previous researchers had ignored.' (Rice 1982 p72) 
Despite this, and more recent challenges to the quality of the original research 
that identified this phenomenon (Rice 1982; Levitt and List 2011), it is clear that 
attention to a situation and the potential value of profile change that this 
involves is likely to have an impact. This is certainly likely to be true in this study 
where the Co-Researchers themselves identify that understanding the worth of 
the project and therefore their own value in completing it as an important factor 
in promoting their learning.  
 
In many ways this is a cyclic argument, the CoR project was designed around 
enhancing the Co-Researchers understanding about their own learning – by 
paying attention to that aspect it has done so and it is difficult to unpick how 
much the ‘how’ it was done matters.  However, it is important also to respect the 
intelligence of the CoR group – who are just as likely to respond negatively with 
what Matthews describes as the ‘I’m not going to do what you want or think 
attitude’  (Matthews 2004 p228) in the face of a clumsy attempt to raise their 
interest in and attitude to school science. 
 
During the project I adapted the approach in the light of advice from the CoR 
group and sought their feedback on my own early interpretations of what might 
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be happening.  Key interviews, in December of 2005 and July of 2007 asked 
them directly about their experiences used their responses to develop the 
coding which was used to sort the outcomes.  The development of this coding is 
described in the methodology and analysis chapters and the findings discussed 
in 7.2 are a direct result of these checking points. 
In this way I have tried to be reflexive and responsive to the CoR group as a 
whole group  ‘involved in a reflexive dialogue during data analysis [and] 
evaluation’ (Finlay 2001 p218) 
 
The evidence is in the timings of the comments from the CoR group about their 
developing understanding of their learning which is explored in 7.5.  Perhaps 
the strongest evidence comes from the observation that the attitude of the CoR 
group became more positive over the course of the project and this was 
maintained after it was over. Whether this was the result of the intervention itself 
or a result of being part of a research study the effect endured.   
However, despite his best intentions, the Head of Science assumed that the 
benefits of having such a group might continue without paying attention to 
maintaining the conditions of the project ethos that we had developed, and their 
cooperation faded. This aspect is discussed in section 7.7. 
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7.2:  Presentation of a model 
 
Since this is an interpretive study which might have impact outside of the group 
engaged in the co-researcher project, I present here a model (Figure 7.1 below) 
of this study outlining elements that were important for its success from which it 
may be possible to draw relevant ideas and principles to apply in similar 
situations to support similar outcomes as appropriate.  
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Figure 7.1: Model of Student Engagement in the Co-Researcher 
Project  
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Smit identifies four motives for engaging children in research which are 
characterised as legal motives that respond to children’s rights to take part and 
have a voice, social motives which focus on the development of children as 
citizens, innovative motives that recognise children’s contribution to the 
development of new ideas and pedagogishe motives which arise from genuine 
belief in children’s abilities and desire for their deeper interaction in the 
continual development of pedagogy (Smit 2013). 
 
This model places children at the centre not only in terms of their learning, but 
also in terms of having a choice about how they study, what their focus is and in 
terms of being valued for the product of their study as much as for the progress 
they made in doing it.  In this way it satisfies all of Smit’s motives by recognising 
their rights and contribution to the educational setting, believing in their ability to 
choose and carry out their own projects and providing an audience to hear and 
value their informed findings. 
 
Bucknall (2012) also developed a model for good practice in working with 
children as researchers based on her work with the highly successful Children’s 
Research Centre at the Open University.  Through her exploration of children’s 
perceptions of working as researchers in the research centre she derived seven 
themes that were important: ‘participation, voice, ownership, resources, 
outcome, set-up and power’ (Bucknall 2012).  These are highly relevant themes 
in considering the development of children as researchers and underpin the co-
researcher project, but the model I present above focuses on the children’s path 
through the experience and the considerations and opportunities that are 
important at each stage: who they might be and what was important in the 
intervention phase for them in order to support the outcomes that arose.   
These three aspects of the study are considered separately in the following 
sections: Audience (section 7.3), Intervention (section 7.4) and Impact for the 
co-researchers (section 7.5).  There are also outcomes for the school that will 
be considered in section 7.6 
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7.3: Audience 
 
The co-researcher study engaged participation with a group of able and 
motivated students in a selective grammar school.  They were initially interested 
as a result of feedback on research that had included their own responses to 
questionnaires and interviews.  This led the focus of the theme we were 
researching but it does not follow that such a group might not also have been 
interested if the initial focus had been use of the school grounds or links 
between trips and attainment.  Additionally, other studies have found that age 
and ability have not been limiting factors in engaging in research as long as the 
support and expectations have been sensitively matched to the children taking 
part. 
 
This approach is likely to be relevant to other children broadly characterised as 
gifted and talented and the study certainly has echoes of the enrichment triad 
approach suggested by Renzulli and Reis (2007) in which a wide variety of 
experience and development of key skills were seen to be beneficial (see 
section 7.5.3).   
However, it would be against Article 12 implications, that children should have 
the opportunity to express their views freely in all matters affecting them 
(Nations 1989), to limit the opportunity to engage in research to any one group 
of students since the indications from the growing body of literature is that most 
students can benefit from working in this way.  The key principle is that children 
have the right to choose whether or not to engage, to choose the topic of the 
individuals research question and to choose the approach.   
 
Uprichard (2008) identifies a tension between viewing children as ‘beings’ or 
‘becomings’ and unpicks difficulties with both ways of viewing children and 
childhood.  She argues that both views have a contribution to make in ensuring 
that children and young adults have full agency in their world. The ‘becoming 
child’ discourse has been criticised for placing the ‘onus of importance on that 
which the child will be rather than that which the child is’ and also for implying 
that 'children are incompetent’ since they lack skills that adults have. The ‘being’ 
discourse, on the other hand, is vulnerable to ignoring the impact that the future 
has on the experience and needs of the child.  It is important to recognise that 
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the future is important in shaping our experience and needs in the present, that 
we all have views and experiences that are unique to us as individuals and that 
all humans, ‘children and adults can be competent and incompetent depending 
on what they are faced with’.  Uprichard sums this up as 'we are all — children 
and adults — interdependent beings who are also always in the process of 
‘being’ and ‘becoming’ with one another, who are more or less competent at 
doing certain things throughout our lives.' (Uprichard 2008 p307) 
 
In this way all children could be considered as potential entrants into a co-
researcher project or team assuming that it were age and ability adjusted, that 
the relevant skills were supported and that they chose to do so.  The choice is 
important, not only because it represents the agency of the child in controlling 
whether or not to take part but also because it represents an important decision 
point in the process of engagement.  Research question 1 is also relevant here 
in that it explored not only the attitude shift of the co-researcher group but also 
that of their cohort in the school. 
 
239 
 
7.3.1 Research Question 1: How might working as a co-
researcher impact on attitude to learning science? 
 
The cohort as a whole: 
Analysis of the attitude scale data  for the whole year group cohort, from which 
the Co-Researcher group are drawn, gives an overview of changing attitude to 
school science scores that broadly agrees with the accepted view of declining 
attitude to school science in the literature (Osborne 2003; Barmby et al. 2008; 
Ruthven 2011).  This study confirms this decline as is shown in the blue line in 
Graph 7.1 (average scores for each factor –adjusted for numbers of items).  
The difference is statistically significant between year 8 and year 9.   
 
Graph 7.1:  Changes in Attitude scores for whole cohort 14 
 
This overall change is interesting, but as Van Aalederen-Smeets and van der 
Moden note, it is also important to consider any underlying scales identified 
through factor analysis in their own right ‘since they measure different concepts’ 
(Hong 2010 p579). 
 
Factor analysis revealed 3 sub factors that contributed to the BEEScore:   
Factor 1: Science is good for the world. 
Factor 2: I would like to be involved in science. 
Factor 3: Science process is useful in daily life 
                                              
14 The graphs presented here are illustrative only and have been adjusted to show the changes occurring by 
selecting the relevant part of the axes.  This is not intended to exaggerate any pattern – but to draw attention to the 
differences between the groups.   They should be treated with caution when assessing the size of the changes. 
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trends for each of these factors is also shown in Graph 7.1 above. 
Changes in Factor 2, which relates to inclination to be involved in science, are 
not statistically significant although the trend appears to be steadily downwards 
over the three year period. 
The influence of this change, coupled with that in Factor 3 is sufficiently strong 
to mask an increase in their belief that science is good for the world (Factor 1: 
world): a difference that is significant between Years 7 and 8 and between 
Years 7 and 9. 
 
The impact of being a Co-Researcher: 
For comparison Graph 7.2 below shows the scores for the co-researcher group 
calculated in the same way and against the same axis section.   
 
Graph 7.2:  Changes in Attitude scores for CoR group 15 
 
The analysis of attitude to school science responses between groups indicates 
that working in the Co-researcher group was associated with a statistically 
significant change in scores for attitude to science overall  compared to the 
cohort as a whole and compared to both the top and lower science sets:  Co-
researchers attitude to school science became more positive about science 
overall over the course of the project at the same time as other groups attitudes 
were declining.  This is particularly interesting when compared with the changes 
                                              
15 The graphs presented here are illustrative only and have been adjusted to show the changes occurring by 
selecting the relevant part of the axes.  This is not intended to exaggerate any pattern – but to draw attention to the 
differences between the groups.   They should be treated with caution when assessing the size of the changes. 
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in attitude between year 7 and year 8 in which the COR group is clearly 
following a similar trend to the other groups.  The divergence in attitudes does 
not start until the year of the project (year 8) after the attitude data were 
collected.  
 
On scrutiny of the underlying scales a more complex relationship between these 
factors is shown.  Co-researchers beliefs that science is of benefit to the world 
(Factor 1) and attitudes to doing science well (Factor 3) appear to be the most 
positive, but although they differ significantly from the year group as a whole 
and from the lower set, they are not statistically different from the top set (from 
which the majority of the group derive).  The biggest change appears to be in 
the willingness to be involved in science (Factor 2) which at first sight would 
appear to be self selecting since they signed up for the project, but which is 
significantly enhanced in the data collected after the project completed and not 
beforehand when their mean scores showed a particularly low value.  
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7.3.2 Implications for Audience 
 
A number of researchers (Osborne 2003; Krogh 2011; DeWitt et al. 2014) 
distinguish between overall attitude to science and attitude to school science 
and identify that ‘attitudes towards school science can be negative, while 
attitudes towards science as an enterprise for most students tend to be 
positive.’ (Krogh 2011 p48).  This is confirmed by this study which identifies, in 
the main cohort, a positive view of science as good for the world at the same 
time as a decline in wanting to be involved, and it is exactly this that changes in 
the Co-researcher group over the time of the project.   
 
DeWitt, Archer et al (2014) challenge the conception that interest in school 
science is the driving factor in determining how children and young people 
decide about a science career.  Jenkins and Nelson point instead to the 
influence of identity, they found that ‘students who chose not to pursue STEM 
higher education programmes to a large extent did so because they expected it 
to be difficult to construct a desirable identity within those disciplines' p208 
(Jenkins and Nelson 2005).   
 
Since this project focused on engaging children in taking part in a different type 
of project on their own terms it may be that it can offer a different model of such 
a career, one that they are more likely to identify with and be able to imagine as 
a future career.  Further discussion on the factors operating on identity and 
aspirations to a science career is in section 7.5 in the light of the findings from 
the qualitative data analysis but it is clear that a wider group than those 
engaged in this study might have benefitted from a similar change to attitude as 
is evidenced in the co-researcher group. 
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7.4: Intervention 
 
Engaging in a project that empowers children as researchers may on the 
surface appear to be straightforward but there are many pitfalls and one false 
step can have lasting consequences.    
Bucknall’s seven central themes of good practice are useful here and attention 
to ‘participation, voice, ownership, resources, outcome, set-up and power’  
(Bucknall 2012 p12) was important in maintaining good practice in the co-
researcher project.  The level of participation was maintained throughout and 
the co-researchers ownership of their own projects was a central principle.  I 
was on hand to make sure they had the resources in terms of time to undertake 
their studies and access to data collection points and the school was supportive 
in prioritising this as necessary.  Bucknall is clear that power is a central theme 
in setting up such a project successfully, her findings ‘suggest that the way in 
which it is exercised influences every aspect of the programmes, from the 
sharing of information and initial decision making to the dissemination of the 
children's research.' (Bucknall 2012 p12).  As the co-researcher project moved 
forward it became clear that we operated within a bubble in which the power 
balance worked well and the co-researchers felt secure but outside this, in the 
school and wider community, other influences were harder to influence. 
Shier (2001) highlights the role that the adults involved play as of particular 
importance and offers the concepts of openings, opportunities and obligations 
to considerations of participation levels.  This reflects the commitment that 
adults make to working collaboratively with children.  An ‘opening occurs as 
soon as a worker is ready to operate at that level; that is, when they make a 
personal commitment, or statement of intent to work in a certain way.  it is only 
an opening, because at this stage, the opportunity to make it happen may not 
be available.' (Shier 2001 p110).  The project was successful since the main 
adult working with the group was fully committed to being a participatory 
facilitator who is characterised as someone who ‘seeks to give children the 
maximum control over decisions, while ensuring sufficient adult input’  a role 
that involves ‘paying attention, and responding, to children’s experiences and 
communication'  (Kirby and Gibbs 2006 p215), and all other adults adopted an 
interested and enabling approach to their requests. 
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However Sheir’s third level of commitment is obligation and represents the 
expectation that all adults in the setting will work in this way.  This was clearly 
not in place since the end of my time at the school signalled the end of the 
project in most regards.  A better set up would entail the commitment of the 
school to the ethos of the project at all levels.  I will return to the idea of 
obligation in section 7.7. 
 
 McLaughlin emphasises that  developing a research group requires ‘a 
community of learners and a climate for dialogic enquiry’, In her study on 
developing teachers as researchers she identified three areas of support 
needed to enable risk taking in such a group:  Personal Support which ‘helps 
keep the process going in the face of daily demands‘  and the ‘support that 
keeps the confidence and motivation [of the teacher] high’; Learning Support 
which ‘protects [the teachers professional] identify’ and ‘opens them to 
challenge and the possibility of learning’; and Research Support which is 
‘technical support in terms of training and instruction ‘, includes ‘facilitating the 
collection and analysis of data’ and supports the ‘need to balance time spent on 
reflection’ (McLaughlin 2003 p74).  Despite the fact that McLaughlin’s study was 
with teachers becoming researchers, there is a clear parallel with what was 
happening in the CoR project who needed to be able to take risks in a similar 
way as part of rising to the considerable challenge of becoming a researcher 
into their own learning. 
 
The quantitative analysis identified that the co-researcher group’s attitude to 
school science changed differently to that of the whole cohort over the period of 
the study and that this effect persisted afterwards for at least a year. 
At this point it is sufficient to speculate that for a particularly able group such as 
the Co-researchers, the level of demand might be important (Mant et al. 2007), 
and the concepts of significant others (Murphy et al. 2006) and task value 
(Eccles and Wigfield 1995) may also be relevant.  The opportunity to distance 
themselves from ‘normal’ school science to work in a different way, might have 
allowed the co-researchers an engagement with something different from the 
stereotypical view of science normally presented in school and thus to provide a 
different  model of what being a scientist might be (Silver and Rushton 2008). 
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Sjaastad’s model of the influence of significant others on attitude offers a useful 
framework to consider what is happening in the CoR project and this model is 
therefore reproduced here in Figure 7.2 for reference. 
 
Figure 7.2: Four modes of significant person influence  
from (Sjaastad 2013 p195) 
The CoR group started the project each with their own individual set of 
significant  others such as their friends and peers with whom they had 
experienced science in school and with whom they attended the initial 
presentation about the project and the invitation to join it.  Further significant 
others included their parents and family who in some cases had encouraged 
their engagement in the project, and their teachers whom they saw as 
concerned professionals. 
As the project unfolded the CoRs’ own significant other set changed to include 
new people with whom they worked closely and intensely (the CoR group and 
to some extent me!) and their perception of others also changed. 
For example:  their teachers opened up more and as well as modelling the 
scientist as teacher that they were familiar with, they also redefined that role 
through discussions and interviews. 
The CoR group became a model of self of a research group growing in 
confidence and including the (relatively) experienced adult researcher (me 
again!) 
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Because significant others have a clear influence on attitudes (Logan and 
Skamp 2012), and link to a very prominent theme in the discourse of the CoR 
group, it is reasonable to assume that this aspect of the project is important in 
influencing change in the attitudes of the CoR group.  They commented openly 
on the effect of this on their own learning in that they were increasingly aware of 
how to maximise this through comparison with other approaches and of their 
responsibility to do so when others were working so hard on their behalf.  The 
influence of significant others is a key recurring theme and will be revisited as 
such throughout this chapter. 
 
By providing a context separated from ‘normal’ school, the CoR Project offered 
a model of working as a researcher in much the way that Sjaastad suggests 
can influence attitude to science (Sjaastad 2013).  Silver and Rushton have 
noted that opportunities to work in different ways that make links between 
science in school and real careers are useful (Silver and Rushton 2008). 
Other studies have suggested that being in the role of a researcher/ scientist is 
an effective method to develop understanding of the nature of scientific work 
and the life of scientists (Jenkins and Nelson 2005).   
‘Employing role-play activities together with other teaching/ learning 
styles in science courses could be one way of increasing children’s 
interest and motivation in learning science, and enhancing understanding 
of the NOS [nature of science]’ (Jenkins and Nelson 2005 p1089) my 
brackets.   
 
This study has gone further in enacting a part of the life of a researcher through 
being a co-researcher in a real project with real outcomes that can affect the 
lives and learning of their peers.  The growth in understanding of the nature of 
science and research is, in this way, a direct result of the project and ultimately 
has had a significant impact on motivation and understanding.  
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7.5: Impact for the Co-researchers 
 
One of the central questions explored during this project was the impact that 
working in such a way might have on the young researchers themselves.  The 
literature summarises these as being positive in terms of gaining confidence, 
voice and recognition within their educational settings, developing and 
practicing particular skills and enhancing reflection on perspectives, both their 
own and those of others around them (Alderson 2001; Bucknall 2012; Kellett 
2014).  This section unpicks what they had to say about the benefits they 
noticed as well as my own observations and those of their teachers as 
appropriate. 
 
7.5.1: Research Question 2: What are the consequences for 
them in terms of understanding of science or research, of 
attitudes to learning etc? 
 
The analysis section summarised four themes within Research Question 2.  
These are represented in figure 7.1 as Impact Themes and reproduced here 
along with the Analysis Themes on which they are based 
 
Theme Relationship to Analysis Themes 
Developing 
Ontology 
This theme corresponds to Analysis Theme 5: “The Nature 
of and Attitude to Science” and “Research” which is an 
interesting foray into the development of ontology amongst 
the Co-researcher group. 
Developing 
Skills 
This theme is made up from Analysis Theme 2:  “Research 
Skills”, Analysis Theme 4: “Questioning” and sections b 
and c of Analysis Theme 7 which relate to dissemination 
and organisation. 
Developing 
Confidence  
This theme considers notions of personal development 
around confidence, responsibility and value which was 
discussed largely in Analysis Theme 6: “Confidence and 
Value” and also section a of Analysis Theme 7: 
“Ownership, responsibility and cost”. 
Developing 
Reflection  
This comprises the large body of data coded into Analysis 
Theme 1: “Recognising Perspectives” along with linked 
data in Analysis Theme 3: “Reflection and Metacognition” 
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7.5.1.1: Discussion Theme 1: Developing Ontology 
 
Role of Scientist/ Researcher 
The project also addressed the challenges raised by Hong to provide a context 
within which students could develop their understanding of what it might be like 
to be a scientist (Hong 2010).  For example, one of the projects involved 
interviewing teachers to see if there was a match between teacher’s 
preferences and those of their students.  Through these in-depth discussions 
these students began to really understand and importantly relate to these 
committed and hardworking teachers, and the students’ attitudes to their own 
learning was clearly affected in a positive way.  They reported better 
understanding, and a sense of responsibility towards their own learning as a 
result, which is identified as a very positive change by Yung, who suggests that 
'student learning of science could be enhanced if there is a closer match 
between teachers’ conceptions about ‘good’ science teaching and those of their 
students' (Yung et al. 2001 p2440).  
 
Enhanced Challenge through argumentation 
Another relevant aspect in this theme was that the CoR group had developed 
their argumentation skills considerably over the course of the project.  Hong 
(2010) notes that  'arguing about societal events relevant to science enhanced 
elementary school students’ practice of argumentation and children’s interest in 
learning science.'  (Hong et al. 2013 p1644).  The potentially detrimental 
influence of insufficient challenge for able students in the early secondary years 
has already been noted (Pell and Jarvis 2001) and increased challenge is a 
logical solution.  
The CASE approach has been shown to improve attainment through engaging 
all students in additional challenge (Shayer and Adey 2002).  One clear 
message from the co-researchers was that school science was insufficiently 
challenging in year 7 and that it improved by year 9 in that it was more serious, 
challenging and relevant.  In the CASE approach 'Teachers play a critical role in 
establishing the problem to be solved and then asking probing questions of 
students but not offering solutions, suggesting that students will need to think 
about this problem together.' (Oliver et al. 2012 p1397) 
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In a similar way the COR project prompted the group to raise and answer their 
own questions and whereas I was on hand to support, advise and think with 
them. I was not part of the answer. 
 
Additional challenge through working and thinking harder has been found to be 
very positive, even when a person’s initial attitude is not very positive.  Pell, 
Galton et al found that ‘Pupils were stimulated both by doing well and working 
hard although lacking enthusiasm for the subject.' (Pell et al. 2007 p329) and 
Mant, Wilson et al that a more project based approach which included 
enhanced thinking time seemed to have a positive impact on motivation (Mant 
et al. 2007) 
 
The opportunity to discuss and argue is also noted as a positive indicator by 
Hampden- Thompson and Bennett who question the value of an unchanging 
diet of investigative science and instead note that  
'there is a positive association between increased frequency of science 
and teaching and learning activities that involve interactions (e.g. 
students are given opportunities to explain their ideas), hands-on 
activities by students (e.g. students are required to design how a science 
question could be investigated in the laboratory), and applications of 
science (e.g. the teacher uses science to help students understand the 
world outside school)'(Hampden-Thompson and Bennett 2011 p1337) 
 
Furthermore, Jegede noted that ‘instruction in science deliberately planned to 
involve discussion of socio-cultural views about science concepts engenders 
positive socio-cultural attitudes towards the study of science.' (Jegede et al. 
1994 p148).  This implies that it is the opportunity to raise bigger questions, to 
‘own’ the process of answering them and to debate how to interpret the findings 
that may be having a positive impact on overall attitude to science seen in the 
quantitative data. 
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7.5.1.2: Discussion Theme 2:  Developing Skills  
 
The project had certainly offered opportunities for the co-researchers to develop 
skills not only in research but also in organising their own work and consulting 
peers for their opinions.  All of them were able to list a variety of skills gained 
which included a deeper understanding of ethics (which had been valuable in 
school already during lessons), greater confidence in analysing data (which had 
been valuable in school science) and experience of extended investigations 
which they felt they had lacked to date in their school science experience. 
 
All the co-researchers acknowledged the importance of being organised and 
some individuals had really benefited from developing this aspect although 
others were already well practised.   
The group as a whole had developed a deeper understanding of the difficulties 
of gaining a meaningful insight into what people think and how the context and 
style of engagement can affect this.  Since the project had a considerable focus 
on interviews and questionnaires as data collection methods this is not 
surprising but they all noted their surprise at the complexity of doing this well 
and in some cases their frustrations from the relative lack of understanding they 
began to see in the people they interviewed.  Several of the group identified this 
as the key area that they would be able to apply to their learning and future 
careers, both in terms of how they would respond to future engagement in 
research as participants and researchers and also in understanding the nature 
of conversations and the questions they might be asked in tutorials or during 
interviews for jobs. 
 
This section is perhaps the one whose outcomes might be most predictable – 
students working in this way are likely to gain skills: both personal skills and 
skills in carrying out research.  Improved research skills was certainly 
predictable since direct teaching of research methods was undertaken in the 
project.  This was certainly the case in other studies (Alderson 2001; 
McLaughlin 2006; O'Brien and Moules 2007).  In the case of the CoR project 
the impact of a real context seemed to carry particular importance with the CoR 
group and this is supported by Shayer’s findings that real contexts are beneficial 
for skill development.  In real projects Shayer reports that attention to critical 
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thinking (Shayer 1999) about learning is likely to deepen and extend procedural 
skills as well as conceptual thinking (Kellett 2003).   
Questioning was of particular importance to all of the CoR group and the 
understanding of the complexity of  the relationship between interviewer and 
respondent generated much useful discussion.  In many ways this was the 
centre of the co-researchers’ learning about how others think and feel as well as 
how to present themselves in future events such as job interviews.  That they 
quickly  understood the need to use questioning skilfully and to listen attentively 
to the answers they were given refutes the warning that children’s engagement 
in unpicking understanding may be too superficial (Alderson 2001; O'Brien and 
Moules 2007) and supports the perception of others that children are very 
capable of this level of research (Kellett et al. 2004; Mann et al. 2014).  One 
area raised as problematic in the literature was the danger that young CoRs 
might be drawn into ‘identifying too closely with their participants or failing to 
interrogate answers deeply enough especially when these concur with their own 
preconceptions or understandings’ (O'Brien and Moules 2007 p397).  We 
discussed this during the sessions, and reviewed progress and interview styles 
after practising on each other.  In the event they demonstrated a high order of 
skill and attracted recognition for their professional approach as evidenced 
informally through comments at the regional conference at which they 
presented and formally through comments captured during interviews with their 
teachers such as this comment from a teacher one pair interviewed during their 
project which compared teachers’ and students’ interests in science. 
I was impressed with the two girls who interviewed me – I was really 
impressed with how they did it.  They seemed to be going about it very 
professionally,  they came with the recorder and then they took some 
notes and I’m sure they relied on the tape but it did seem very 
professional – so whether or not the results are decent data or not I don’t 
know but they did seem to be enjoying it and doing it well.(OM 09/12/05) 
 
The relevance and therefore application of the skills learnt was important and 
the CoR group reflected positively on how useful some of the less obvious 
elements of their learning was within school science.  The discussions we had 
about ethics early in the methods sessions had enabled them to be ahead of 
the game in school science and the experience of managing a larger, complex 
project had helped them respond well to challenging projects the following year.  
This kind of opportunity is sadly still rare in education (Grover 2004) and yet has 
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been linked to enhanced learning (Shayer 1999).  Mann, Liley et al suggest that 
'one of the impacts of the research process on young people is that the core 
skills of being sceptical, systematic and ethical help them in all aspects of their 
lives.' (Mann et al. 2014 p301) 
Grover argues that these extended opportunities should be more common 
because ‘There is a need then to offer children the opportunity to define 
themselves through collaboration in the research effort’ (Grover 2004 p83).  
Alderson sums up this when she comments that ‘One advantage of working in a 
research team with them (co-researchers) is that there is more time to talk.....to 
turn problems into opportunities for children and adults to increase their skill and 
knowledge.’(Alderson 2000 p252) 
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7.5.1.3: Discussion Theme 3: Developing Confidence. 
 
All members of the co-reseracher group identified an increase in confidence 
over the period of the CoR project. This was linked to awareness and 
understanding of the research process but goes beyond it.   
'Allowing children to be active participants in the research process 
enhances their status as individuals with inherent rights to participation in 
society more generally and the right to be heard in their authentic voice.'  
(Grover 2004 p90) 
 
The onset of this growing confidence differed across the group with some 
suddenly appreciating it at a key moment or as a result of a key event (such as 
after a presentation or on re-reading their own report), while others became 
aware over time that this had developed.   
Part of this growing confidence is linked to the development of their own 
concept of themselves as co-researchers and was realised as their skills and 
understanding developed.  This links back to the impact of significant others but 
is also about their developing thinking skills when challenged in a new area.  In 
a similar way to CASE students, the CoR group identified  ‘surprise at their 
thinking (e.g. I didn’t know I could think in that way)’.  Oliver suggests that this 
might be related to confidence, observation skills and enhanced ability to 
process complex ideas. ‘ It may be that these students have become more 
confident working with periods of uncertainty, better listeners and more capable 
of internalising the concepts articulated in lessons.' (Oliver et al. 2012 p1407) 
There was also an increasing awareness of the research process that the CoR 
group identified and this enabled them to discuss science in a wider context that 
related to their future careers and approaches to scientific and research led 
knowledge.  They did not all agree on a pedagogical approach, but were more 
articulate and grounded in their discussions, able to disagree with confidence in 
defence of their own viewpoint and to draw on evidence to support their view.  
This bodes well for their future engagement in research – whatever their area of 
interest or chosen paradigm and in itself enabled them to develop intrinsic 
motivation to achieve what they could see would be of value. 
This seems to have been a growing realisation that they were “good at this 
research thing”, and relates to the design of  the process which provided 
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training and support as it was needed and an ethos of discussion and mutual 
collaborative learning 
 
Hong identifies that anxiety can be very detrimental to students’ performance in 
learning science in school.  In extreme cases it ‘can paralyze students, who by 
intelligence and hard work should otherwise perform well' (Hong 2010 p1973).  
Hassan agrees that this is as important as ability and that confidence has a 
direct impact on motivation and interest (Hassan 2008).  The development of 
confidence identified by the co-researchers is then an important factor, not only 
in developing positive attitudes but also in promoting attainment. 
 
Co-researchers contrasted their own growing confidence to that of their peers 
who were often unsure of their answers during interviews.  The CoR group 
expressed frustration at the quality of these responses at times and reflected on 
how this apparent lack of confidence impacted on the quality of data they were 
able to collect.  They related this to confidence in unpicking learning and their 
own developing understanding of the importance of reflection, they were clear 
that confident and well informed reflection was crucial when considering 
important questions such as those they had identified as the subject of their 
own projects or about life decisions.  They had also discovered the value of the 
group in a new way, many of them acknowledged that the discussions within 
pairs or the whole group had been influential and illuminating and despite not 
being a friendship group at the outset they were able to challenge and take risks 
secure in an ethos of mutual achievement and understanding.  They had 
identified that they could do some things better than adults or other groups and 
that the power to discover lay in understanding the question, starting from the 
right place, and applying well considered approaches to unpick the problem. 
 
Broadly, the co-researchers identified a heightened awareness of situations and 
contexts and the ability to look at the underlying aims behind these so that they 
could make decisions about how to make the most of them.  Individually they 
discussed how this applied to interviews for jobs, learning opportunities in 
school and confidence and ability to argue for and defend their own point of 
view.  As a group they were more conscious of their engagement in their 
learning which appeared to be more deliberate and thoughtful.   Hassan relates 
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the empowerment that comes from deciding how and what to learn to enhanced 
attainment and improved attitude.  ‘ Allowing students to choose is an important 
factor in learning. Thus, a feeling of empowerment may motivate students to 
pursue their goals in science.' (Hassan 2008 p131) 
 
When discussing the nature of research and of science in the final interview 
with the whole group another possible influencing factor emerged that bears 
investigation.  Among the 8 co-researchers there were 4 girls and 4 boys who 
had chosen to work in single gender pairs for the duration of the project.  There 
has been much discussion about differences in attitudes to science between 
boys and girls with some suggesting that differences are significant including 
that girls are more engaged when the context was considered ‘real’ (Jenkins 
and Nelson 2005) and boys more inclined to be positive about school science 
(particularly physics) (Osborne 2003).  Other researchers point out that 
differences are greater between year groups, that similarities are more 
significant, and that on the whole students are positive about school science 
(Silver and Rushton 2008).  The quantitative data from this project did not 
identify any significant gender difference in the group, although in such as small 
sample that would have been unlikely.  More importantly perhaps the 
distribution of views, likes and dislikes and the choice of paradigm was not 
strictly confined to one or the other gender.  I found, as Silver and Rushton did, 
that similarities were more striking than differences and that the open nature of 
the project seemed to lend itself to the development of the whole group. 
 
Kellett has identified that the dissemination of co-researcher findings has 
another impact, as well as sharing ideas, it is also useful in honing skills (Kellett 
2005).  It is perhaps relevant that the opportunity for this was clearly of great 
significance to the whole group since this aspect of the project was an important 
contributor to their developing confidence, a factor even for these able students.  
All of them identified gain in confidence in some area as a benefit of the project: 
even those who appeared confident at the start.  AH exhibited lower confidence 
at the start, deferring to others and seeking approval and confirmation of her 
ideas but by the end was openly more assertive, pleased with her achievement 
and unfazed by challenging situations such as presentations to strangers or 
heated debates.  Of the more apparently confident, SL is a good example.  She 
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appeared very composed and decisive throughout the project, was clear about 
her opinions and took learning in her stride. However, she raised gain in 
confidence as a key benefit for her and was able at the end of the project to be 
much more open about her insecurities and doubts that had been hidden and 
avoided earlier on.  In her work with developing teachers as researchers, 
McLaughlin identifies the need to support emotional development in the early 
stages of becoming a researcher.  Her conception of this support as falling into 
three areas:  Personal Support to maintain confidence and motivation, Learning 
Support to enable challenge and protect self esteem and Research Support to 
provide technical skills (Mclaughlin 2003).  This is very relevant here and was 
paralleled in the CoR project.  Through careful building of a supportive and 
resourceful research situation it was possible to enable the Co-Researchers to 
take risks, try out new ideas and gain skills and experience and hence 
confidence in their own ability to do so.  This was outside ‘normal school’, and 
therefore doubly safe in terms of risk and challenging for all students, including 
the most able.   
 
An important aspect in the development of confidence in the group was the 
inherent value assigned to it by the endorsement of the school and the time I 
was contributing to it.  Additionally, from early on we discussed the possibilities 
of dissemination, so the expectation of their output was explicitly high.   
Eccles and Wigfield provide a useful concept of ‘Task Value’  which Osborne 
summarises as 'the degree to which an individual believes that a particular task 
is able to fulfill personal needs or goals’ (Osborne 2003 p1074).   Task value is 
made up of three components: 
‘interest, or the enjoyment that a student derives from engaging in a task;  
importance, or the degree to which a student believes it is important to 
do well on a task;  
and utility, or the degree to which an individual thinks a task is useful in 
reaching some future goal.'  (Osborne 2003 p1074).   
 
Eccles and Wigfield’s original conception of the term also included a fourth 
element, that of cost of engaging in the task in terms of other opportunities lost.  
Since the project addressed all three of these at the outset and the co-
researchers identified and took ownership of the achievement of these it is likely 
that they felt the project had high task value which would contribute to the 
strong motivation they exhibited in completing the project, despite the cost to 
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them in terms of time and additional work.  The key elements for me are 
importance and utility which Osborne discusses as relating to the student but 
which I would argue are even more powerful motivational elements when they 
are perceived as important and useful to the wider community.   
 
The CoR group identified that the work they had produced was useful not only 
to themselves but also to their teachers and peers and in some cases to the 
wider educational community.  They stressed that as a result they felt good 
levels of pride and satisfaction in completing and sharing their reports and 
largely enjoyed the process.  Interestingly, when the task value of engaging in 
CoR work fell after the end of the project through a reduction in the explicit 
value placed on the work by the school marked by the reduced teacher time 
allocated, their motivation also fell. 
 
Their appreciation of the value of the project was relatively robust in that it 
withstood the disappointment over the ASE conference (discussed elsewhere) 
and the cost to themselves of the time they had committed to achieving their 
reports.  Given this cost was already incurred at the time of the ASE conference 
it may be that task value needs to take account of an additional element – that 
of investment.  It may be that we are more likely to identify and avoid low value 
tasks at the start, than to abandon as low value those into which we have 
already invested heavily in terms of time and effort. This important element of 
the implications of the project for the school will be returned to in section 7.7. 
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7.5.1.4: Discussion Theme 4:  Reflection 
 
Reflection and other People’s Perspectives  
 
The co-researchers generally developed a greater understanding of the way in 
which their peers feel in different contexts, and how they respond to different 
people.  They were aware of the range of approaches to learning in their peer 
group and were more inclined to consider these when selecting their own.  They 
had become particularly aware of how teachers work to support learning, and 
how much time and commitment this involves.  As a result, they were more 
motivated to consider the work they were set and the questions their teachers 
asked more seriously and with more faith in its intention and purpose.   
 
Their understanding of their peers also changed as they asked different 
questions and took on a different role themselves – as researchers. 
Since 'by interpreting other people’s actions towards, and responses to,  their 
selves, young people continuously revise their understanding of themselves' 
(Sjaastad 2012 p1630) this also meant that they were revising their own 
understanding of themselves in particular around being a researcher concerned 
in their own learning.  BC (whose mother was one of the science teachers at the 
school) alludes to this when he reflected thoughtfully on aspects of teachers’ 
commitment during the project and at one point acknowledged that his 
appreciation of what teachers do is ‘different’ to other peoples.  Parents are, of 
course, particularly influential significant others (Hampden-Thompson and 
Bennett 2011) and mothers have been argued to have a particularly strong 
influence on achievement in science (George 2000).  Interestingly, George 
comments that 'Parental involvement had indirect effects on science attitudes 
mediated through student participation in science activities such as science fairs 
and clubs.' p215 (George 2000 p215). Because of his own particular significant 
other BC had a conscious dual perspective – and this is mirrored and at times 
amplified by the different way he is understood and perceived by other 
significant others around him.   
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Reflection and Metacognition – thinking about learning 
 
The group commented on the broad perspective the project had given them on 
learning in general and on how education works in schools. They were also 
more inclined as the project developed to reflect on their own learning, actions 
and achievement and those of the wider group.   
 
The position I took was important.  I was careful to leave the interpretation 
discussions around their own projects to them to sort out so that they had to 
develop their own understandings in their own words.  Oliver, Venville et al 
comment that ‘For students accessing the way of thinking by hearing another 
peer articulate the way of solving a particular problem may enable him or her to 
use that way of thinking in another situation, developing both skills in explaining 
and metacognition'  (Oliver et al. 2012 p1406) 
 
This development can be contrasted with a general problem in learning in 
secondary physics which Thomas (2013) characterises as an approach to 
learning that is superficial.  He suggests that ‘there is a need to change 
students’ understanding of what physics is and how students might/should 
approach their learning and thinking’ (Thomas 2013 p1185). He suggests 
combining a conceptual framework to support learning in physics particularly 
(which is perceived as particularly abstract and therefore challenging) with 
developing a deep approach to learning that incorporates Metacognition.  He 
sums this up by arguing that 'Students need to develop conscious knowledge, 
control, and awareness of their thinking and learning processes, i.e. 
metacognition.' (Thomas 2013 p1186) 
 
During the project the co-researchers were challenged to explore their own 
learning and the learning of their peers through their own research questions 
and as such to develop their own conceptual understanding of the learning 
process.  Many of them noted that they began to think about how they were 
learning and that this habit influenced their thinking in a number of different 
settings...it would appear that running a research project in this way is helpful in 
both the ways that Thomas suggests:  through challenging how they approach 
262 
 
their learning and thinking and by engaging them in a project that blurred the 
demarcation between school study and ‘real life’. 
 
Larkin describes metacognition as 
‘a form of cognition, a second or higher level process. It involves both a 
knowledge of cognitive processing (How am I thinking about this?) and a 
conscious control and monitoring of that process (would it be better if I 
thought about this differently?).' (Dockett 2012 p65) 
 
More simply Gouge describes it as ‘the ability to think about one's own thinking, 
to reflect on the abstractions of one's own thought.' (Gouge and Yates 2002 
p135).  The key element seems to be ‘ becoming conscious of their own 
thinking and developing and practising the technical vocabulary necessary for 
describing different thinking actions.' (Adey and Shayer 2002 p6).  It is towards 
this that the Co-Researchers seemed to be moving and developing. 
 
There is an extensive body of literature that argues for the general educational 
benefits of Metacognition which are claimed to include ‘ increased motivation 
and interest, maintaining on task behaviour and developing skills and strategies, 
which enable us to transfer knowledge from one domain to another’ (S 2012 
p5).  Larkin also notes benefits in terms of ‘self regulated learning’ something 
Bruner describes as being  ‘as aware of how she goes about her learning and 
thinking as she is about the subject matter she is studying.’  (Bruner 1996 p64).  
Furthermore, there also seem to be benefits in terms attainment in that 'children 
will make more intellectual progress when their own thoughts and ideas are 
challenged by children holding alternative or opposing ideas.' (Woodhead and 
Faulkner 2000 p27) 
 
The literature also offers some suggestions about what is needed to develop 
metacognitive skills and behaviours.  Larkin suggests that working in this way 
requires more space and time since it ‘is about slowing down and taking time to 
enjoy the thinking process, even to marvel at the ability we have to think about 
so many different things and to allow ourselves to follow our thoughts.' (S 2012 
p5) This is echoed by Gouge and Yates who add that this extra time should also 
include opportunities to ‘explore ideas amongst themselves, to offer 
justifications, to question others' arguments in a constructive way and to feel 
safe to take risks with ideas.' (Gouge and Yates 2002 p135).  The CoR project 
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offered just this kind of opportunity in which a supportive environment in which 
wrestling with ideas and offering alternative viewpoints was a central mode of 
working.  Shayer suggests that it is essential to recognise the ‘Vygotskian 
aspect, with an emphasis on social construction of reasoning through 
metacognitive reflection and a carefully managed use of the language of 
thinking’. (Shayer 1999 p895).  The inference is that the whole CoR group was 
developing a way of working, rather than that the young CoReseachers were 
just developing their individual skills.  This means that maintaining an 
awareness of learning together in partnership is important to maintain and 
model this way of thinking and learning and the use of appropriate technical 
language (Adey and Shayer 2002).  Alderson alludes to this in her descriptions 
of ethical research with children (Alderson 2007) and Larkin goes further, 
stating that ‘If we expect our students  to develop metacognition about 
themselves as learners, then we  must also expect to engage in the process 
ourselves.' (S 2012 p114). 
 
 
In the CoR project the Co-Researchers had ownership not only of their own 
projects but also in very real terms of the learning sessions that I ran to help 
them develop the skills they needed to conduct them.  Whilst they were advised 
by me about where to start, they quickly asked and prompted further learning 
and areas to expand and develop more as well as directing what technical help 
I was offering to enable them to spend more time thinking about what their 
results meant.  They became increasingly ‘ conscious of how [they were] 
making decisions or reaching conclusions.' (S 2012 p7) and were supported in 
this through the ethos of support and challenge we built up.  
As the project continued and developed, the practice of explaining and justifying 
to the CoR group as a whole became more practised and, in some cases 
internalised.  Larkin explains that 
 'The need to explain and justify to others makes reflection on one's own 
thoughts and language necessary.  In turn becoming  more 
metacognitive enables the learner to provide for herself the supporting 
and scaffolding role originally assigned to the adult or peer.' (Dockett 
2012 p66) 
Engaging in a project outside of normal schooling may have helped provide the 
disconnection from normal ways of thinking and learning that can lock us into 
our own ‘perceptions of ourselves or others ‘ (S 2012).  A research project is 
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particularly powerful in this way since it challenges thinking and problem solving 
skills and offers opportunities for discussion ‘through the appraisal of other 
people's research and in the design of a pupil's own research study.' (Kellett 
2005 p1).  As O’Brien and Moules found the process of working closely as part 
of a research team with joint ownership of decision making meant that ‘all team 
members absorbed new ways of seeing and thinking, learning about each other 
and the subject of the study.' (O'Brien and Moules 2007 p399).  This increased 
focus on discussion and thinking has also been linked to improvement in 
attitude (Mant et al. 2007) and it may be that this aspect of the project 
contributed to the changing attitude recorded for the CoR group. 
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7.5.2: Overall impact on the Co-Researchers 
 
Implications from discussion theme 1: Developing Ontology(7.5.1) 
Increased challenge through argumentation was well received and may have 
contributed to the rise in attitude scores recorded for the CoR Group. 
By being researchers/ scientists, the students involved developed a better 
understanding of the identities possible in that role and of the nature of science 
itself.  In addition, and perhaps as a result, their interest in pursuing a science-
related career increased. 
Research question 2 which explored the impact on the young researchers also 
unpicks some of the elements of the project that were crucial to its success 
 
Implications from discussion theme 2: Developing Skills(7.5.2) 
Whilst the results in this section were largely predictable it is useful to see that 
they are also realised.   
Certainly, despite their high level of general achievement, all members of the 
co-researcher group all identified development of skills, and confidence in using 
them, as an important outcome and offered examples of how these had already 
been useful in school and would be valuable in the future in very different 
contexts. 
The Co-Researchers recognised the importance of, and in some cases honed, 
organisation skills. 
They gained enhanced understanding of the difficulties of finding out what 
people really think. 
They gained skills around asking (and answering) questions and interpreting 
responses.  These were appreciated as really useful, especially in terms of 
career interviews. 
The CoR group demonstrated that they were very capable of undertaking 
research at this level:  this was acknowledged by their teachers. 
Particular skills and understanding had already been useful in school science 
and the Co-Researchers felt the project had enhanced their ability to 
understand ethics and conduct extended projects. 
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Implications from discussion theme 3: Developing Confidence ( 7.5.3) 
All  members of the CoR group had noted increased confidence as a key 
outcome for them personally and this was evidenced through their ability to take 
risks and argue for an individual point of view. 
The Co-Researchers valued the impact of their research highly.  The publication 
of the work on websites, and its presentation to teachers (both in the school and 
beyond) was necessary in order to maintain task value. 
 
 
Implications from discussion theme 4: Developing Reflection (7.5.4) 
Co-Researchers had developed great understanding of their peers and most 
notably their teachers’ perspectives. 
They were more inclined to try out a range of perspectives and approaches as a 
result and more inclined to consider underlying reasons for learning activities 
set. 
Individual Co-Researchers’ significant other groups had changed over the 
course of the project. 
The Co-Reseachers were developing greater reflection and in some cases 
Metacognition as a result of the project. 
 
 
 
There are also implications for the school which will be discussed at the end of 
the next section. 
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7.6: Impact for the School 
 
 
As well as the benefit for the co-researchers, which is always of interest to any 
school, the project also considered benefits in terms of understanding about the 
issues the co-researchers felt were important to investigate, through their own 
research projects (section 7.6.1) and through their reflections on how the school 
responded to their projects (section 7.6.2). 
 
Many researchers (Ruddock and Flutter 2000; Renzulli and Reis 2007; Ruthven 
2011) have suggested that extended projects outside of timetabled sessions 
and carrying additional value to the school community might be of benefit in 
enhancing motivation and engagement of students. 
 
Part of this is to do with enhancing the experience of science in school by 
providing more student led inquiry that allows for co-operative group work and 
explores issues that they can identify with as relevant to their own lives.   
Ruthven identified three approaches that were linked to enhanced interest in 
pursuing further study in science, ‘domain-specific inquiry’ which had a positive 
impact on both attainment and attitude, ‘cooperative group work for learning and 
attitude in science’ and ‘contextual orientation’ (Ruthven 2011 p419) which 
enhanced attainment in science.  The need to present school science in a way 
that appeals to children’s developing identities is also noted by Boe, Henriksen 
et al who link this to the identities of the adults working with them and suggest 
that 'one approach shown to be effective is personal meetings with a mentor or 
‘significant other’. This is particularly important for young women, who rely more 
than young men on personal relationships and advice'  (Boe et al. 2011 p60). 
 
There is also a very real need to encourage children to take control of their 
learning and be part of the decision making process.  Smit suggests that this 
encourages a ‘sense of belonging and agency’ and ultimately ‘enhances 
motivation for school and learning in the school' (Smit 2013 p553).  Ruddock 
agrees, adding that they also need to see the impact of their contribution and 
that 'the more the regimes are changed to reflect the values that pupils call for 
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the stronger the pupils commitment to learning in school is likely to be'  
(Ruddock and Flutter 2000 p85)  
 
 
There is another benefit too, children are well placed to identify potential issues 
as they arise and perhaps even before the adults working with them.  By 
including children in the constant review of educational approaches it might be 
possible to be more nimble in adjusting these as necessary and counter those 
'negative attitudes towards science’ that Krogh suggests may be caused by 
‘school science's inability to adapt quickly enough to the changing mentalities of 
adolescents.' (Krogh 2011 p47) 
 
The co-researcher project included 4 projects identified by the co-researchers 
and carried out by them.  In this next section each of these is discussed and the 
implications for the school explored. 
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7.6.1: Research Question 3: What do we find out about good 
school science? 
 
The underlying decline in attitude to science implies a criticism of school 
science that is perhaps unavoidable especially when the audience is 
adolescent, corralled into groups of very dissimilar individuals and fed a 
standard fare (despite all efforts to differentiate).  The impact of the project in 
reversing this trend for one small group is worth investigating and their 
comments and choice of research questions reveal some potentially interesting 
ideas that might shed light on potential for all school science. 
 
Gender differences in motivation and enjoyment of science.  
(RB and JS 2006) 
One of the projects focused on gender differences in year 7 and 8, a question 
that had been prompted by the initial feedback assembly resulting from Pilot 
Study 2 on attitudes.  My suggestions then, that there might be some gender 
differences in the responses had triggered the interest of one pair of students in 
exploring the idea further through their own questionnaire and interviews with 
peers.  The results were inconclusive but their interpretation instructive.  
Whereas other researchers had focused on the possibility of boys having a 
more positive attitude to science (Osborne 2003; Barmby et al. 2008), or that 
girls were less likely to take up a career in science (Silver and Rushton 2008; 
DeWitt et al. 2013).  As indicated in their published report (RB and JS 2006), 
this pair of young researchers interpreted the findings as indicating that context 
is more important to girls wheras boys ‘just need encouraging’.  These were 
very able boys, neither of whom were in the top set and it was interesting to 
discuss this with them.  This revealed that one in particular stated that ‘I don’t 
really like science’ (RB 16/07/07) but that he was going to have to take it further 
because of his career choice, while the other clearly felt that context was 
important  ‘I think it’s good not just to learn science and do little experiments to 
find out theories and stuff but its best to apply science in sort of more other I 
don’t know – everyday things’ (JS 16/07/07).  In this respect JS was providing a 
response that is more often associated with female students.   This underlined 
their general (spoken) conclusion that it was hard to categorise by such a 
general term as gender and that they really felt that the individual level was 
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more important than gender differences.  The contrast between what we say 
and how we formally conclude is more difficult to unpick as Cakici suggests: 
'many children still tended to see science peculiar to boys, even after role-play 
activities. They had a strong occupational male bias for engaging science even 
though they mention gender is not an obstacle for doing science.' p1086 (Cakici 
and Bayir 2012 p1086) 
 
The second part of the RB/JS project looked at changes in enjoyment from Year 
7 to year 8 and concluded that the Year 7 topics (which were more popular 
overall) might be preferred because they were more familiar.  This raises 
questions about continuity of learning across the transfer from Primary to 
Secondary Schools which has been the subject of much work (Hargreaves and 
Galton 2002; Galton et al. 2003; Braund 2007).  The literature identifies a 
conflict between the need on the one hand to recognise where children are on 
transfer and provide careful bridging in order to ‘minimise pedagogical 
disjunction for pupils’ between very different pedagogical experiences and the 
need on the other hand to acknowledge their interest in marking  ‘their new and 
more adult status as they move into the secondary school’ (Dalli and Te One 
2012 p921) which they expect to include ‘a degree of discontinuity as a result of 
the move to secondary school.' (Galton 2002 p262) 
RB and JS’s study seems to place more emphasis on the idea that some 
degree of familiarity is attractive and seems also to suggest that this is still 
valuable once students have moved beyond Year 7 when the excitement of the 
move to the secondary school is over. 
 
Interestingly, this first project, which follows on from an established body of 
work in the literature, raised most interest in the teaching staff in the school who 
were interested to know how ‘their’ school performed compared to their 
perception of the national picture.  In this instance the CoR were still emerging 
into the arena of researcher in residence and their choice of question still 
reflected guidance from adults – in the form of following on from my own 
suggestions.  The danger is that the interest and response of the teacher team 
might reinforce that this kind of continuation project question is more valuable 
that the others which were more individually imagined by the Co Researchers 
271 
 
themselves.  The impact of significant others is once more important, and is 
powerful for both positive and negative impact. 
 
Another project (JB and SL 2006) also raised interest with their teachers, largely 
due to the fact that the students had interviewed them and been impressive in 
their mature management of that process.  Their findings, that the enthusiasm 
of teachers was important in contributing to student enthusiasm, is paralleled 
not only in the literature but in the overarching CoR project itself since it became 
one of the key findings the Co-Researchers identified in their own feedback.  
Both teachers and Co-Researchers understood more about each others 
motivation and thinking as the project progressed and for both groups this 
became a moment of mutual realisation.  Yung identifies the positive benefits of 
good alignment between teachers and students concepts of good science 
(Yung et al. 2001) and Logan reminds of the ‘importance of the role of teachers 
in inspiring and encouraging student interest in science.' (Logan and Skamp 
2012 p23).  The influence of the teachers on the motivation of students in their 
class is both encouraging and also challenging but that it is reinforced through a 
more open debate about the nature of teaching and the challenges of the 
subject offers a useful way forward to continue to improve the learning 
environment in schools.  Once more this brings me back to acknowledge that 
significant others – in this case the teachers are of vital importance in 
influencing motivation and attitude to science. 
 
The other two projects, completed by BC and JL and by AC and AH are no less 
impressive in their conception, organisation and analysis.  It has already been 
acknowledged that BC may have been influenced in devising his question by 
his mother and that the presentation and analysis styles of BC and JL were 
sufficiently different to make them feel that writing up separately would be 
easier and better.  Their project raised more questions than it answers, which is 
not a criticism!  They made thoughtful points about how explicit science links 
would need to be to make clubs overtly useful in affecting attitude to science, 
and to what extent this might be detrimental given that the other purpose of 
clubs is relaxation. 
AC and AH grappled with individual learning styles and revision and concluded 
that a broad menu of revision support might be the best outcome.  In many 
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ways this project was the most impressive in that arose from their own idea, 
which I have been unable to trace back to any source but their own personal 
agenda.  Since they are both serious -minded and able students, determined to 
do well in school, this focus on maximising revision is understandable and they 
derived for themselves a very useful outcome in that they considered and 
added to their own personal knowledge arsenal a wide variety of perspectives 
on revision from their year group.  These two made most comments about 
“thinking about thinking” and since ‘monitoring performance and deciding when 
to use a strategy, selecting the appropriate strategy and evaluating the effect of 
its use through more monitoring processes.' (Larkin 2002; Brostrom 2012; S 
2012 p37) is a hallmark of Metacognition I am confident that this was both their 
intention and success, and that their mastery of these skills will benefit their own 
agendas. 
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7.6.2: Research Question 4: How does the school build on this 
via further student research? 
 
As has already been identified in section 7.5.1.3 (Developing Confidence) an 
important outcome of the project for the CoR group was that the results of their 
studies were shared with the teachers in their school (and beyond).  This was 
clearly of value to them and they discussed their satisfaction and pride in having 
achieved something worthwhile and having had it heard.  18 months later they 
were still pleased to have done it and felt it had been worthwhile. They were 
also still willing to repeat the process for the good of the school if there was a 
clear need for their help: 
 
Q: I’m interested to know whether or not the process is something that you 
would engage in again – if you'd do that sort of thing again? 
CoR: if I needed to  - yes - I’d know how to go about doing it.  But I wouldn’t do 
it just out of choice – if I had to, I’d do it. 
Q:  if the school wanted something done? 
CoR: then I would probably get involved.   
(CoR group interview 16/07/07) 
 
The lack of time in school, the fact that no further notice or project had taken off 
despite the best intentions of the Head of Science was already taking a toll.   
They would have been proud to have gone on to other issues the next term to 
help the school and were satisfied that science teachers in the region had noted 
their findings and appreciated their achievements, but since little had changed 
in the school as a result of their work they were very sensibly focusing on the 
benefits to themselves in their own career rather than looking to influence the 
teaching of science in their own school.  As the lead researcher I had always 
felt very welcome in the school and my continuation would have been warmly 
appreciated but the school did not have the resource to build on our success 
and embed this approach into the curriculum and the existing staffing structure.  
I have indicated earlier that exploring the effect of the pressure on schools of 
meeting the demands of the current assessment regime and of meeting detailed 
standards and targets set nationally is not the focus of this thesis, but this 
context is certainly a factor in limiting the time and resource available to provide 
opportunities such as the co-researcher project for all students, despite 
apparent benefits. 
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'It is clear that listening to children, hearing children, and acting on what children 
say are three very different activities, although they are frequently elided as if 
they were not.' (Roberts 2000 p238) 
 
Baker notes that, whatever the careful preparation about expectations, children 
may still be disappointed when the outcomes do not meet their hopes (Baker 
1996). In Baker’s research this involved health care for street children and the 
impact was much more serious on the children concerned, but in any situation 
where children or young people have entrusted their time and commitment with 
a hope of outcome I agree with Baker that care should be taken to ensure that 
‘the means (in terms of support from adults) must be available to enable 
children to act towards meeting their own [health] needs’ (Baker 1996 p60) 
This reinforces Mclaughlin’s warning that although 'involvement of young 
service users as co-researchers is worthwhile’ that it is important that it should 
be carefully considered‘ and not ‘entered into lightly...' (McLaughlin 2006 p1395) 
Disillusionment seems to be a theme that is recurrent in early secondary 
experience, Galton and Hargreaves note that it is not only in research that 
expectations can be raised that are not fulfilled, transferring to secondary school 
is another danger area when expectations of school science can be over 
amplified through exciting transition experiences that are not realised on 
transfer to secondary school. 
'There appears to be growing trend, therefore, for pupils to become 
increasingly disillusioned by what they are offered at the top end of the 
primary school and at the lower end of secondary while continuing to 
work hard on their studies.' (Galton et al. 2003 p15) 
 
In order to guard against disillusionment therefore, it is important to pay 
attention not only to the task value of any activity, but also to the potential cost, 
including risk of low impact and disillusionment. 
 
The Co-Researchers in this project are not alone in entering willingly and with 
commitment into activities offered to them that appear worthwhile, fun or 
important to the adult running them.  They are generous with their time and 
energy once committed and this resilience should not be abused  
'The most important cost to young service users is the cost of their time 
and the lost opportunities this presents. Instead of researching, they 
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could be engaging in sport, leisure activities, studying or earning money.' 
(McLaughlin 2006 p1405) 
 
Christensen and Prout also raise this issue of cost in enlisting co-researchers 
help as one of their 10 key questions in designing research (Christensen and 
Prout 2002).  Whilst the Co-Researchers in this project did derive many benefits 
in terms of skills, experience and self belief, this trace of disappointment in the 
impact of their findings is to be regretted and warrants consideration in terms of 
further research and action by any school taking part in such work in the future. 
 
The CoR project worked because it was outside the normal curriculum, was led 
by the students and valued by the school.  This is difficult to replicate without 
considerable resource allocation and commitment from the school but it is worth 
doing because of the clear benefits to the students involved.  The implications 
for Policy and Practice will be considered in more detail in section 7.7. 
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7.6.3: Summary Impact on the School 
 
This section combines all the findings from the four research questions into an 
overall summary of the potential impact for the school of the co-researcher 
project.  Whilst I have drawn on relevant literature to contextualise the ideas 
that emerge it is important to note that these are all ideas that the children 
explicitly raised through their own projects or in research group discussions. 
 
Ownership – the benefits of enabling students to pursue their own projects, 
over which they have real control appear to include an increase of 
responsibility for their own learning.  These need to be extended projects, 
beyond that possible in a classroom, and to include some tangible benefits to 
the school or peer group to ensure a strongly motivating task value element 
that appears to have a positive effect on completion and attitude.  Ruthven’s 
argument for domain-specific inquiry and Renzulli and Reiss’s description of 
what they term enrichment through real problems are relevant here.  These are 
characterised as having a personal frame of reference (ownership for the 
students) and lacking an existing solution.  They suggest that to be meaningful 
these real problems should be motivated by  ‘wanting to provide information that 
will change actions, attitudes or beliefs’ (tangible benefits to the school) and 
recognised by a real audience. (Renzulli and Reis 2007).   
Findings from the quantitative analysis (research question 1) suggest that 
science teaching in the school was effective in promoting the value of science 
for the whole cohort but less so in engendering a desire to be involved in 
science personally.  The co-researcher group on the other hand became much 
more positive about this over the course of the project – and this effect 
persisted after the project had finished.  This emphasises the potential of  
providing opportunities to explore science in different ways, perhaps through an 
extended project that has intrinsic value to the school and that enables students 
to take control of their own learning. 
 
The co-researchers noted that one of the benefits of the project was as a 
practice ground for developing skills in a real context and in doing so when 
they were in control of their own projects also raised confidence significantly. 
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Given the nature of school education it is perhaps noteworthy that ‘other’ 
projects, like this one, that provide a genuine context for using life skills are 
important in addressing any skills that need development and practicing them 
when it matters.  Opportunities for this kind of extended project are rare and 
given the benefits accrued it is argued more should be provided. 
 
Challenging Discussion 
The value of discussion was also highlighted during the study and this accords 
with Smith et al (2009) who found that conceptual understanding was improved 
by providing targeted discussion opportunities related to answering 
conceptual questions.  Despite suggestions that his results were due to able 
students disseminating the ‘correct’ answer, Smith was able to demonstrate that 
‘even students in naïve groups improve their performance after discussion’  
which ‘suggests a more constructivist explanation: that these students are 
arriving at conceptual understanding on their own, through the process of group 
discussion and debate.' p124 (Smith et al. 2009).  The idea of learning to think 
through discussion, which has run through this project is also resonant with 
Wegerif’s suggestion that the aim of good education is to teach children ‘how to 
question each other and how to constantly invoke the voice of absent witnesses 
in order to help make sense of what they are doing and to grow in insight’ 
(Wegerif 2011 p189).  To enable this it is necessary to be learning alongside 
and to resist the impulse to answer students questions with ready formed 
answers.  Much better to adopt Ranciere’s ‘Ignorant Schoolmaster’ (Ranciere 
1991) who responds to questions with interest rather than answers and prompts 
further learning by example and support.  In the co-researcher project he benefit 
of providing challenging opportunities to reflect on learning – especially in a 
setting that crossed the demarcation between set school tasks and chosen 
activities (such as clubs and projects) was a positive way forward to enable 
learners to develop their conscious knowledge of thinking and learning. 
 
Working as Researchers/ Scientists –  
Comments from the co-researchers themselves during the course of the project 
suggest that the impact of the project was through the role the students played 
and the responsibility they assumed in managing their own projects.  Being 
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outside the normal school curriculum both in terms of learning and timetabling 
was important, as was the value the school placed on the outcomes.   
The nature of having a research group was also important and the co-
researchers recognised and valued the nature of this group in providing a safe 
and challenging environment in which to take risks and try out approaches. 
The group enabled the co-researchers to develop deeper understanding of what 
being in that role was like, in this way they challenged their accepted view of the 
role by being role models for each other ‘observe role models, gain realistic 
views about the world, and help students expand their positive commitment to 
and continual interest in science..' (Hong 2010 p1985). 
The influence of significant others was recognised as important by the co-
researchers in this and included modelling of the scientist as teacher and of 
themselves as a research group. 
Through their projects the co-researchers became more aware of the influence 
of teachers as significant others in inspiring interest in science and their findings 
suggest that transparency about their teaching styles, challenges and motives 
might help align student interest and encourage resilience especially when 
learning physics in Years 7 and 8.  This echoes Aschbacher, Li et al’s 
suggestion that 'when students encountered problems, the broad support they 
enjoyed reportedly contributed to their resilience and confidence in facing 
challenges’ (Aschbacher et al. 2010 p578) and reinforces the multiple impact of 
teachers as role models and mentors. 
Working as a research group also provided the conditions for development of 
Metacognition including additional time and status for thinking about thinking 
and  the nature of the project as outside ‘normal school’. 
 
Dissemination and Value – sharing and presenting the findings is also 
important and this once more picks up Renzulli’s model of problem solving in 
his fourth characteristic, that or providing a ‘real audience’. (Renzulli and Reis 
2007). Ongoing value within the school was affected by the impact (or lack of 
impact) on the teaching and learning approach in the school and this is one 
area in which this project was less successful.  Despite strong support from the 
Headteacher, Year group lead and Head of Science, and interest from teachers 
in the school and at the regional conference, there was limited explicit impact on 
the co-researchers’ ongoing experience of science learning.  It is not surprising 
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that time and attention for this kind of project is limited given the current 
educational context and the focus of current government policy, and it is not 
likely to change whilst this prevails.  The impact of government policy on 
curriculum in its widest sense and the need for more holistic education to 
support the development of our young people is beyond the scope of this thesis 
although the results indicate that further study in this area might be worthwhile. 
The Head of Science did initiate a further project to explore a question he 
wanted to answer and engaged the group in helping to design the 
questionnaire.  However, he had little time and they had no ownership of this 
new project and it faltered.  By the time I returned to look at the impact one year 
on, they were focused on their own development rather than the value of their 
work to the school.   
As many researchers have indicated before (Alderson 2001; Warren 2002; 
McLaughlin 2006) it is important that the setting values the work that co-
researchers do in order for them to feel that it is ultimately worthwhile.   
The group were satisfied with the level of outcome for they had achieved for 
themselves but the potential benefit to the school as a whole was restricted by 
the value the school placed on the work in terms of resources to continue this 
strand of learning. 
 
The Co-Researchers’ projects (discussed in section 7.6.1) raised again the 
issue of transfer and the delicate balance between valuing science learning and 
skills developed in the primary school, providing sufficient continuity to support 
smooth progression but also providing a ‘rite of passage’ at an important point 
in students’ lives that marks a clear step towards adulthood.  The suggestion 
that familiar Year 7 topics are popular with Year 8 pupils implies that 
acknowledgement at least of continuity remains important. 
The project on revision reflected a real concern with some students on how to 
prepare most effectively for examinations.  Being mindful of this background 
concern and catering for it in building metacognitive skills to apply to individual 
approaches in the run up to these exams might be beneficial beyond 
examination performance.  The project suggested that this will need direct 
attention in terms of examples of ways of working and time for discussion and 
analysis if it is to be effective.   
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7.7:  Implications for Policy and Practice 
 
Whilst the benefits in terms of impact for the young researchers and their school 
are clear, to make such a project work properly requires a commitment from the 
school that goes beyond acceptance and approval.  Sheir underlines this in his 
development of the participation ladder to include three levels of commitment 
openings, opportunity and obligation.  Whilst the first two of these are possible 
for an individual to provide, the third, obligation, is only ‘established when it 
becomes the agreed policy of the organisation or setting that staff should 
operate at this level.'  (Shier 2001 p110) 
 
Schools are complex systems and moving towards a more participatory 
structure is not easy.  As Fraser notes 'part of the practical difficulties may 
involve the political context - that is, the network of power relationships that a 
child or young person is already part of before any research begins.' (Fraser et 
al. 2014 p47).  The established view, which often includes that children are best 
served by listening to adults without being part of the decision making process, 
can only be changed slowly as all the adults in the system gradually begin to 
‘view children as competent and contributing members of a democratic society’ 
(Brostrom 2012 p267) and as the children in the system begin to see 
themselves as having a significant contribution to make.   However, Mann is 
optimistic and has noticed that 'as child-led research begins to become more 
common, there is a notable shift in the willingness of adults to receive and 
connect with the findings children and young people are generating'  (Mann et 
al. 2014 p302). 
 
Brostrom recognises that children need to be encouraged to be heard and 
involved and Bucknall takes this idea further, claiming that ‘a crucial factor in the 
development of children’s competence might be adults confidence in their 
ability’ (Bucknall 2012 p19).  So it is not enough for the children to be allowed to 
take part in research projects or even to run their own with effective support.  
The school needs to be ready to value their expertise and to look to them to 
help identify and find solutions to issues.  It is this opportunity that Smit refers to 
when he suggests that the process involves teachers, researchers and children 
being ‘back in charge of decisions that shape their shared practice on the basis 
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of a shared responsibility: an education not only for all, but by all.' (Smit 2013 
p570). 
 
This kind of commitment by a school also requires resource allocation, 
particularly that of teacher time.  Kellett and Bucknall both note that establishing 
a children’s research group needs to include a sustainable adult contribution 
that is best provided through the involvement of teachers as well as researchers 
(Kellett 2011; Bucknall 2012).  Kellett describes how in the Children’s Research 
Centre model at the Open University, the researcher’s input was to set up and 
train both children and teachers so that the group could be self sustaining 
without researcher input later.  My own view is that an ongoing involvement by a 
linked researcher might offer a model that continued to enhance the potential of 
such a research group.  In this way the research group could include input from 
children, teachers and researchers, to the benefit of all.  Working in this way is 
part of the development of a culture of participation that Smit advocates as 
crucial in enhancing a ‘sense of belonging and agency’  (Smit 2013 p553) and 
would be particularly beneficial in combining the differing perspectives of these 
three stakeholders since it adds to the discourse research by and with children 
and young people which is 'different from research with adults, not necessarily 
because of young people's ability or understanding but as a consequence to 
their perceived roles in the community, society and culture within which they 
find themselves.' (Fraser et al. 2014 p47) 
 
Kellett and Bucknall have both noted that without the involvement of school 
staff, schools have struggled to maintain the research group and that where this 
is limited to one individual there is always the danger that this is vulnerable if 
that teacher moves on to another post.  Kellett advocates that a ‘critical  mass 
of expertise is needed in any one setting' (Kellett 2011 p209) in order to 
maintain the centre and protect the expertise within it for the school. 
The type of adult support is also crucial and balancing between providing what 
is useful and not interfering or taking control is not an easy skill (Kellett 2014).  
A participant interviewed by Kirby and Gibbs outlined that the best support was 
when ' adults ‘let you do what you want and only helped you in the things you 
want to be helped in’ (Kirby and Gibbs 2006 p215).  The adults are needed in 
negotiating access, providing training and, in some cases, ensuring that 
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participation rights are preserved.  It would be wrong to suggest that young 
researchers can work without their help, as Bucknall reminds us ‘children can 
become active researchers only when adult and children act together to make 
this happen - they are interdependent.' (Bucknall 2012 p19) 
 
 
Task value has been shown to be important in the CoR project and may also be 
important in and beyond school science.  As Osborne has suggested  ‘a better 
understanding of the attributes of science classroom activities that enhance 
‘task value’ might make a significant contribution to how the quality of students’ 
experience might be improved’ (Osborne 2003 p1074) but many of the findings 
from this study may well have broader applications 
Task value has already been defined in this thesis as comprising three key 
elements:  interest, importance and utility to which I have added a further 
consideration of investment and against which should be balanced the cost to 
the individual.  Building opportunities that have high task value within school 
science is problematic due to the constraints of the curriculum and teachers rely 
on engaging students personal interests and relating topics to real life and their 
contribution to future exams to develop task value.  Whilst this can work well, it 
is also valuable to provide opportunities in which the importance and utility of 
the work is evident in order to provide extrinsic value; such opportunities might 
help students involved understand and influence learning in the school and 
(crucially following this experience) enable them to work alongside teachers and 
understand their perspectives and motivations. 
One key element in this process was the opportunity for the Co-Researchers to 
share their findings in a suitable forum. 'Children and teenagers [also] tend to 
be deeply concerned from the start with the follow up stages of publicity and 
using research findings to change the world.' (Alderson 2000 p246) 
 In this project the Co-Researchers were not fazed by the prospect of a national 
forum, and indeed that this was an option raised their self belief and motivation.  
However, in the end the regional conference was a good level of engagement 
for a first external presentation opportunity but what was essential was that the 
school itself should listen, and respond to their ideas.   
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In summary:   
the CoR project could be of benefit to the school through 
 providing additional challenge for all children in a safe supported 
environment that does not impact on limited curriculum time 
 providing a research resource that can raise (and explore) questions that 
children want to ask as well as those from the school and other 
stakeholder perspectives 
 provide useful perspectives and real outcomes of value to the school 
 
but there are implications for the school in doing so – the school needs to 
 develop teachers and children in partnership as a research team 
 recognise and value the effort and outcomes of the children in terms of 
their product as well as their commitment and progress as learners 
 provide real dissemination opportunities 
 discuss the implications and resulting action (or inaction) by the school to 
recognise children as stakeholders in those decisions. 
 guard against disillusionment by carefully considering the cost to the 
children in engaging in any project. 
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7.7.1: Final comments 
 
Underlying all of the findings from this project are themes about relationships 
and the links between them and the learning going on in school.   
There are four main themes that emerge from the project: 
Task Value – defined by the interest a task has for an individual, the 
importance of completing it in terms of completing an individual’s goals (Eccles 
and Wigfield 1995).  I have also added the concept of investment to the model 
to account for the resilience individuals show in adhering to a task in which they 
have invested considerable time or energy when the task value is under threat.  
Other researchers also note that in considering task value that the cost of 
undertaking it, in terms of missed opportunities, time or other impact on the 
individual.  In terms of this project the task value is affected by the ownership 
the co-researchers had of their own projects which was a challenging but 
meaningful opportunity which they hoped would impact positively on their peers 
as well as help them understand their own learning processes better.  They also 
felt that it would be an impressive addition to their CVs  and provide a real 
context in which to learn new and useful skills. 
 
They were encouraged to take part in the CoR project by the responses of 
Significant Others, those people or groups of people who influence our actions 
and attitudes through modelling or discourse (Sjaastad 2012).  Initially this was 
parents and teachers, but their significant other groups developed over the 
period of the project to include the research group itself.  Their understanding of 
significant others was also influenced by the project itself, notably in terms of 
their understanding of teachers perspectives on teaching and their peers 
perspectives of their learning. 
 
This development of understanding of perspectives also included development 
of metacognitive skills that enabled them to unpick their learning experience 
and gain increased control over it.  This was one of the Skills developed during 
the project which impacted on their feelings of competency and their belief in 
their ability to apply these skills across domains.  Other skills developed 
included organisation, and questioning skills and the ability to manage extended 
projects and understand research more broadly. 
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This increased mastery of a growing catalogue of skills, the recognition that this 
brought from their personal significant others and the completion and 
dissemination of a valuable piece of work all contributed to a perception from all 
the co-researchers of increased Confidence which was manifested in a 
willingness to engage in challenging debate and express their own individual 
and different viewpoint on their research ontology. 
 
Figure 7.3 below offers a model of how I have come to see these four aspects 
influencing engagement in any activity.   
 
Figure 7.3: interacting aspects influencing engagement  
 
The influence between each of these items is in many cases in both directions – 
for example parents influenced the co-researchers to join the project and 
Significant 
Other: 
Parents & Family 
Peers 
Teachers 
Confidence: 
Self Belief 
Recognition 
Competence 
Encouragement 
Skills: 
 
Perspectives 
Personal 
Process 
Task Value: 
Interest 
Importance 
Utility 
Investment 
Cost 
 
Engagement: 
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encouraged them in completing it, but parents were equally impressed with the 
students’ management of this and that impacted on both groups confidence, 
and their assessment of the task worth of the event itself and the project as a 
whole. 
 
This model can also be used to explore the impact of the students’ own 
findings.  Initially they had expected their projects to have a visible impact on 
their school experience, in the event they were well received at the regional 
conference and their own teachers expressed respect for the mature way they 
had handled the process.  So far so good, and their confidence in being able to 
undertake such work and assessment of the task worth was enhanced by the 
process.  However, it became clear that whilst their results were interesting 
there was no visible impact on their experience of learning at school, nor was 
there a discussion with them about what impact (or lack of impact) was 
appropriate.  This did not dent their confidence in their ability but it affected the 
task value they assigned to future projects of this kind, which they considered 
with caution, scepticism about the value to the school and enhanced awareness 
of the cost to themselves of contributing more of their time. 
 
The value of this kind of approach lies in providing an unusual opportunity to 
learn more about an aspect of a possible career, develop personal, process and 
thinking skills and contribute to the education setting.  It works by developing a 
supportive research environment in which they are able to develop skills, ask for 
help, take risks and try out ideas.  My experience is that this is an attractive idea 
for many children, who are generous with their time and very capable of rising 
to the challenge and offering new and relevant insights into their own learning in 
school. 
 
However, to make it work the school needs to invest in the project too.  Not just 
in terms of allowing it as a lunchtime club and paying polite interest in the 
findings but also in listening to the issues that children raise as important, 
considering their interpretation and suggestions thoughtfully and acting on them 
where appropriate and overall, in working in partnership with the children to 
build a research community ethos that is about joint stakeholders in education. 
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There is a clear need to break out of considering humans as belonging to 
distinct groups defined by age and stereotyping them with different rights, needs 
and capacity as a result of their category.  Instead we need to think broadly 
about people developing on a continuum who all have at least the same rights 
to discuss and impact on aspects of their lives about which they have an 
opinion. 
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7.8:  Next Steps 
 
As a case study it is not possible to generalise to a wider population than this 
group of able Year 8 children in this selective school.  There is sufficient 
encouragement from the data and literature however, to encourage a wider 
exploration of this way of working.  Further exploration of this kind of approach 
with children with a variety of ages and abilities, in a range of educational 
settings and focusing on issues identified by the children drawn from the full 
breadth of the curriculum and beyond it would be interesting. 
 
To move this forward I intend to explore the possibility of setting up a research 
centre for children based in an all through school where the full support and 
commitment of the school community can be engaged.  In setting such a centre 
up I would draw on Bucknall and Kellett’s work at the Open University as well as 
the experiences of McLaughlin, DeWitt and Mann and look to develop a 
sustainable resource for the school, its children and staff and the wider 
community.    
 
Bennett and Hogarth were clear that school context and experience, particularly 
in terms of experience in science, might be more important than student ability 
or starting attitude to science in determining uptake of a career in science (Pell 
et al. 2007).  This study in some way agrees but unpicks more aspects that 
might be even more significant such as task value, confidence and value.  
Further work to explore such links would be valuable. 
 
This work has again highlighted the ongoing problem of students choosing a 
career in science, despite clear interest and engagement of able students in 
secondary schools in science projects, students will still choose other careers 
because of long held views about their personal career path, perhaps even from 
early childhood (Turner and Ireson 2010), and a difficulty matching their own 
identities with those associated with science (Archer et al. 2010).  A study on 
the development of aspirations might shed further light on this area.
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Appendix 1:  Ethical Approval Form 
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Appendix 2:  Assembly Feedback Form 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please add any other comments on the back – many thanks 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please add any other comments on the back – many thanks 
Name  
Year  
Primary school  
Gender  
Semantic 
Differential 
summary 
 
Attitude Scale 
summary 
 
 
3 key words 
about science 
 
 
Name  
Year  
Primary school  
Gender  
Semantic 
Differential 
summary 
 
Attitude Scale 
summary 
 
 
3 key words 
about science 
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Appendix 3:  Co-Researcher Project Consent form (parent) 
 
 
School of Education and Lifelong Learning, 
Heavitree Road, 
Exeter, EX1 2LU 
 
 
22nd March 2005. 
Dear Parent/Guardian/Carer, 
 
 
Children as Researchers: Exploring Science Learning 
 
We are carrying out a research study to find out about the impact of conducting their own 
research project on children’s understanding and attainment in science. We would like to invite 
your child to take part in the study as they have shown interest and aptitude for this kind of 
approach.  Qualified teachers now working as lecturers at the School of Education and Lifelong 
Learning at the University of Exeter will carry out teaching sessions to introduce children to a 
range of methods for doing research and support them during their research project and in writing 
up their findings for publication.  We will also be conducting interviews at a time convenient to the 
school to explore the impact of the study. Interviews will be recorded, but no child will be 
identified by name in any report on the research. A report of our findings from the project will be 
sent to the school at the end of the study. This report may form the basis for papers to be 
submitted for publication in academic journals.  
 
Please sign and return to school the attached form to indicate either that you are happy for your 
child to participate in this research or that you would prefer for him/her not to be involved.  
 
Thank you for responding to this request. 
 
Yours faithfully, 
 
Beth Gompertz and Kate Watson.  
………………………………………………………………………………………………………… 
 
Reply slip: CHILDREN AS RESEARCHERS: EXPLORING SCIENCE LEARNING 
 
Name of pupil………………………………….     Form tutor………………………………… 
 
I have read the letter about the research project, and  
[please tick one option] 
 
 give permission for my child to participate in the study and interviews 
  do NOT give permission for my child to participate. 
 
Signed………………………………………… 
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Appendix 4:  ASE permission letter 
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Appendix 5: Science BEES     (Beth’s Early Experimental Scale - based on WASP sample items – Wareing 1982) 
  SA A U D SD 
1 Science in school includes learning 
about light 
 
2 Creative ideas are important in science 
 
 
3 The best thing in science is doing 
investigations 
 
4 Science is mostly about learning facts 
 
 
5 It is important to record science results 
carefully 
 
6 We have a better world to live in 
because of science 
 
7 Science could solve the worlds 
problems 
 
8 Listening is important in science 
 
 
9 People are healthier because of 
science 
 
10 Reading about science is the best bit 
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Value of Science     (based on ‘What I really think of Science scale’ Pell & Jarvis (2001)) 
  SA A U D SD 
1 I would like to be a scientist 
 
 
2 Lots more money should be spent on 
science 
 
3 Science is good for everybody 
 
 
4 Science is about lots of different ideas 
 
 
5 We do too much science at school 
 
 
6 I try out science ideas at home 
sometimes 
 
7 You have to be clever to do science 
 
 
8 I like to watch science programmes 
 
 
9 School science clubs are a good idea 
 
 
10 Science is useful in everyday life 
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Appendix 6: Testing Reliability of Scale with data set 
 
Select cases for year group...Year 8 (n=121) 
Internal consistency 
Reliability Statistics 
Cronbach's Alpha N of Items 
.849 15 
 
Cronbachs alpha above .7 so scale is reliable with sample 
Item Statistics 
 Mean Std. Deviation N 
creative ideas 4.11 .883 121 
recording results 4.38 .788 121 
better world 3.99 1.004 121 
solve problems 3.40 1.029 121 
listening 4.17 .813 121 
healthier 3.76 1.049 121 
scientist 2.36 1.175 121 
money 3.29 .851 121 
good for everybody 3.56 .974 121 
different ideas 3.98 .856 121 
too much science 3.40 1.166 121 
science at home 2.36 1.335 121 
watch science TV 2.64 1.284 121 
club 3.09 1.072 121 
useful in everyday life 4.03 .948 121 
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Item-Total Statistics 
 
Scale Mean if 
Item Deleted 
Scale Variance 
if Item Deleted 
Corrected Item-
Total Correlation 
Cronbach's Alpha if Item 
Deleted 
creative ideas 48.42 67.479 .558 .836 
recording results 48.15 70.228 .417 .843 
better world 48.54 69.251 .365 .846 
solve problems 49.13 68.116 .423 .843 
listening 48.36 68.364 .545 .838 
healthier 48.77 67.729 .436 .842 
scientist 50.17 64.545 .552 .835 
money 49.24 69.550 .428 .843 
good for everybody 48.97 66.782 .542 .837 
different ideas 48.55 72.483 .215 .852 
too much science 49.12 64.560 .557 .835 
science at home 50.17 62.861 .553 .836 
watch science TV 49.88 65.070 .465 .842 
club 49.44 65.748 .544 .836 
useful in everyday life 48.50 65.652 .638 .832 
 
 
Not same as unidimensionality so... 
 
Factor Analysis 
Sample size – 121 cases against 15 items  
 
Strength of intercorrelations 
Correlation matrix indicates a number of correlation coefficients > .3 
Kaiser-Meyer_Olkin Measure of sampling adequacy (KMO) is .862 (>.6) 
Bartlett’s Test of Sphericity value is significant (0.000 <.05) 
 
KMO and Bartlett's Test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .862 
Bartlett's Test of Sphericity Approx. Chi-Square 501.355 
df 105 
Sig. .000 
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Total variance indicates only first 3 recorded eigenvalues above 1 and together 
they explain a total of 51.1% of variance. 
Total Variance Explained 
Component 
Initial Eigenvalues Extraction Sums of Squared Loadings 
Total % of Variance Cumulative % Total % of Variance Cumulative % 
1 4.997 33.313 33.313 4.997 33.313 33.313 
2 1.385 9.234 42.547 1.385 9.234 42.547 
3 1.285 8.568 51.115 1.285 8.568 51.115 
4 .918 6.118 57.233    
5 .878 5.851 63.084    
6 .826 5.505 68.588    
7 .781 5.206 73.794    
8 .666 4.438 78.232    
9 .629 4.193 82.424    
10 .561 3.738 86.163    
11 .494 3.296 89.459    
12 .480 3.202 92.661    
13 .430 2.867 95.528    
14 .362 2.410 97.938    
15 .309 2.062 100.000    
Extraction Method: Principal Component Analysis. 
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Scree plot has an elbow between 3 and 4 indicating that 3 factors might be 
retained. 
Component Matrix - Indicates 3  factors should be explored... 
 
Component Matrix
a
 
 
Component 
1 2 3 
useful in everyday life .730     
too much science .648 -.350   
creative ideas .644   .435 
scientist .643     
listening .641     
club .640 -.528   
science at home .635     
good for everybody .626     
watch science TV .555     
healthier .510 .498   
solve problems .510   -.428 
money .509     
recording results .498     
better world .433 .644   
different ideas     .791 
Extraction Method: Principal Component Analysis. 
a. 3 components extracted. 
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Factor Rotation - 3 factors 
Rotated Component Matrix
a
 
 
Component 
1 2 3 
club .819     
too much science .755     
scientist .672     
science at home .563   .363 
useful in everyday life .560   .431 
listening .557   .309 
watch science TV .487 .313   
better world   .730   
healthier   .690   
solve problems .316 .632   
good for everybody .336 .587   
money .390 .416   
different ideas     .837 
creative ideas   .331 .661 
recording results     .345 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 4 iterations. 
 
 
 
Total Variance Explained 
Component 
Rotation Sums of Squared Loadings 
Total % of Variance Cumulative % 
1 3.417 22.778 22.778 
2 2.411 16.073 38.851 
3 1.840 12.264 51.115 
Extraction Method: Principal Component Analysis. 
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Appendix 7: Correlation Matrices for Factor Analysis 
Correlation Matrix – Year 7 
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creative ideas 1.000 .137 .094 .167 .184 .239 .053 .031 .204 .402 .178 .182 .249 .158 .172 
recording results .137 1.000 .061 .142 .333 .209 .062 .186 .129 .139 .226 .007 .169 .178 .299 
better world .094 .061 1.000 .293 .101 .264 .073 .077 .149 .003 -.110 .091 -.056 .038 .375 
solve problems .167 .142 .293 1.000 .112 .388 .316 .232 .416 .167 .208 .214 .222 .164 .484 
listening .184 .333 .101 .112 1.000 .092 .092 .043 .241 .222 .085 .001 .056 .352 .208 
healthier .239 .209 .264 .388 .092 1.000 .296 .189 .243 -.032 .122 .312 .125 .207 .440 
scientist .053 .062 .073 .316 .092 .296 1.000 .206 .234 -.019 .242 .188 .301 .337 .168 
money .031 .186 .077 .232 .043 .189 .206 1.000 .114 -.022 .205 .206 .043 .182 .124 
good for everybody .204 .129 .149 .416 .241 .243 .234 .114 1.000 .103 .139 .042 .062 .241 .341 
different ideas .402 .139 .003 .167 .222 -.032 -.019 -.022 .103 1.000 .060 .141 .311 .076 .091 
too much science .178 .226 -.110 .208 .085 .122 .242 .205 .139 .060 1.000 .092 .303 .332 .058 
science at home .182 .007 .091 .214 .001 .312 .188 .206 .042 .141 .092 1.000 .285 .100 .189 
watch science TV .249 .169 -.056 .222 .056 .125 .301 .043 .062 .311 .303 .285 1.000 .157 .003 
club .158 .178 .038 .164 .352 .207 .337 .182 .241 .076 .332 .100 .157 1.000 .129 
useful in everyday life .172 .299 .375 .484 .208 .440 .168 .124 .341 .091 .058 .189 .003 .129 1.000 
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Correlation Matrix – Year 8 
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creative ideas 1.000 .324 .292 .145 .426 .361 .276 .224 .365 .322 .257 .392 .321 .262 .523 
recording results .324 1.000 .257 .224 .312 .141 .294 .195 .251 .182 .285 .251 .192 .225 .262 
better world .292 .257 1.000 .326 .175 .425 .130 .208 .269 .145 .188 .189 .159 .047 .219 
solve problems .145 .224 .326 1.000 .316 .297 .262 .268 .400 -.049 .261 .206 .209 .254 .303 
listening .426 .312 .175 .316 1.000 .254 .380 .156 .286 .160 .382 .288 .283 .450 .468 
healthier .361 .141 .425 .297 .254 1.000 .259 .209 .312 .079 .244 .228 .289 .131 .276 
scientist .276 .294 .130 .262 .380 .259 1.000 .321 .363 .064 .448 .408 .344 .404 .378 
money .224 .195 .208 .268 .156 .209 .321 1.000 .375 .064 .276 .254 .248 .272 .339 
good for everybody .365 .251 .269 .400 .286 .312 .363 .375 1.000 .121 .253 .326 .341 .206 .449 
different ideas .322 .182 .145 -.049 .160 .079 .064 .064 .121 1.000 .023 .268 .033 .147 .278 
too much science .257 .285 .188 .261 .382 .244 .448 .276 .253 .023 1.000 .448 .303 .570 .395 
science at home .392 .251 .189 .206 .288 .228 .408 .254 .326 .268 .448 1.000 .318 .426 .359 
watch science TV .321 .192 .159 .209 .283 .289 .344 .248 .341 .033 .303 .318 1.000 .338 .311 
club .262 .225 .047 .254 .450 .131 .404 .272 .206 .147 .570 .426 .338 1.000 .513 
useful in everyday life .523 .262 .219 .303 .468 .276 .378 .339 .449 .278 .395 .359 .311 .513 1.000 
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Correlation Matrix – Year 9 
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creative ideas 1.000 .212 .289 .273 .232 .361 .326 .435 .482 .299 .140 .291 .250 .390 .294 
recording results .212 1.000 .238 .202 .499 .178 .259 .308 .315 .264 .219 .226 .255 .363 .332 
better world .289 .238 1.000 .544 .378 .639 .344 .447 .490 .119 .174 .264 .344 .282 .461 
solve problems .273 .202 .544 1.000 .341 .531 .224 .472 .360 .165 .112 .123 .228 .218 .316 
listening .232 .499 .378 .341 1.000 .312 .309 .385 .456 .327 .353 .302 .328 .355 .319 
healthier .361 .178 .639 .531 .312 1.000 .338 .447 .459 .166 .115 .296 .211 .238 .437 
scientist .326 .259 .344 .224 .309 .338 1.000 .501 .468 .359 .551 .461 .509 .460 .423 
money .435 .308 .447 .472 .385 .447 .501 1.000 .559 .363 .317 .456 .423 .444 .514 
good for everybody .482 .315 .490 .360 .456 .459 .468 .559 1.000 .282 .386 .304 .308 .382 .521 
different ideas .299 .264 .119 .165 .327 .166 .359 .363 .282 1.000 .412 .247 .312 .288 .295 
too much science .140 .219 .174 .112 .353 .115 .551 .317 .386 .412 1.000 .362 .407 .348 .241 
science at home .291 .226 .264 .123 .302 .296 .461 .456 .304 .247 .362 1.000 .563 .426 .265 
watch science TV .250 .255 .344 .228 .328 .211 .509 .423 .308 .312 .407 .563 1.000 .433 .239 
club .390 .363 .282 .218 .355 .238 .460 .444 .382 .288 .348 .426 .433 1.000 .504 
useful in everyday life .294 .332 .461 .316 .319 .437 .423 .514 .521 .295 .241 .265 .239 .504 1.000 
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Appendix 8: Scree Plots for Factor Analysis 
 
Year 7 Year 8 Year 9 
   
 
316 
 
317 
 
Appendix 9:  Normality Tests 
 
Testing for normality 
Skewness and kurtosis give an indication of the symmetry and peakedness of the 
distribution where 0 values indicate a perfect normal distribution. 
Positive skew values indicate a cluster at low values and negative ones a cluster around 
high values... 
Positive kurtosis values indicate a pronounced peak wheras  negative values indicate a 
flatter distribution... 
Kolmogorov-smirnov statistic: no-sig result (Sig value more than .05) indicates normality 
(p58 SPSS Survival manual) 
 
Normality tests were run for each year group to assess normal distribution of: 
 
BEEscore,  
F1: Science is good for the world   (F1: world) 
F2: Wanting to be involved in science (F2: involve) 
F3: Science Process is useful in daily life (F3: dowell) 
 
Year 7       page  2 
Histograms and normality plots summary  page  4 
Year 8       page  5     
Histograms and normality plots summary  page  7 
Year 9                             page  8 
Histograms and normality plots summary  page 10 
 
 
Normality tests were then run for each change score 
Change89BEE 
Change89F1 
Change89F2 
Change89F3
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Year 7 
Case Processing Summary 
 
Cases 
Valid Missing Total 
N Percent N Percent N Percent 
Y7BEEscore 93 73.2% 34 26.8% 127 100.0% 
Y7F1world 93 73.2% 34 26.8% 127 100.0% 
Y7F2 involve 93 73.2% 34 26.8% 127 100.0% 
Y7F3dowell 93 73.2% 34 26.8% 127 100.0% 
 
Descriptives 
 Statistic Std. Error 
Y7BEEscore Mean 52.968 .7320 
95% Confidence Interval for 
Mean 
Lower Bound 51.514  
Upper Bound 54.422  
5% Trimmed Mean 53.060  
Median 54.000  
Variance 49.836  
Std. Deviation 7.0595  
Minimum 25.0  
Maximum 69.0  
Range 44.0  
Interquartile Range 8.5  
Skewness -.490 .250 
Kurtosis 1.845 .495 
Y7F1world Mean 24.849 .4256 
95% Confidence Interval for 
Mean 
Lower Bound 24.004  
Upper Bound 25.695  
5% Trimmed Mean 25.027  
Median 25.000  
Variance 16.847  
Std. Deviation 4.1045  
Minimum 10.0  
Maximum 32.0  
Range 22.0  
Interquartile Range 5.5  
Skewness -.691 .250 
Kurtosis .919 .495 
Y7F2 involve Mean 30.656 .4641 
319 
 
95% Confidence Interval for 
Mean 
Lower Bound 29.734  
Upper Bound 31.578  
5% Trimmed Mean 30.642  
Median 30.000  
Variance 20.032  
Std. Deviation 4.4758  
Minimum 14.0  
Maximum 41.0  
Range 27.0  
Interquartile Range 5.0  
Skewness -.164 .250 
Kurtosis 1.338 .495 
Y7F3dowell Mean 20.903 .2670 
95% Confidence Interval for 
Mean 
Lower Bound 20.373  
Upper Bound 21.434  
5% Trimmed Mean 21.024  
Median 21.000  
Variance 6.632  
Std. Deviation 2.5752  
Minimum 11.0  
Maximum 25.0  
Range 14.0  
Interquartile Range 4.0  
Skewness -.819 .250 
Kurtosis 1.406 .495 
 
 
Tests of Normality 
 
Kolmogorov-Smirnov
a
 Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
Y7BEEscore .085 93 .094 .971 93 .035 
Y7F1world .095 93 .037 .963 93 .011 
Y7F2 involve .092 93 .052 .972 93 .044 
Y7F3dowell .117 93 .003 .946 93 .001 
a. Lilliefors Significance Correction 
 
KS suggests normal distribution for BEEscore and F2 with F1 nearing the non sig level. 
SW does not support this for any factor. 
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Year 8 
Case Processing Summary 
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Cases 
Valid Missing Total 
N Percent N Percent N Percent 
Y8BEEscore 123 96.9% 4 3.1% 127 100.0% 
Y8F1world 123 96.9% 4 3.1% 127 100.0% 
Y8F2 involve 123 96.9% 4 3.1% 127 100.0% 
Y8F3dowell 123 96.9% 4 3.1% 127 100.0% 
 
Descriptives 
 Statistic Std. Error 
Y8BEEscore Mean 52.626 .7846 
95% Confidence Interval for 
Mean 
Lower Bound 51.073  
Upper Bound 54.179  
5% Trimmed Mean 52.766  
Median 52.000  
Variance 75.711  
Std. Deviation 8.7012  
Minimum 25.0  
Maximum 72.0  
Range 47.0  
Interquartile Range 13.0  
Skewness -.303 .218 
Kurtosis .293 .433 
Y8F1world Mean 26.171 .3879 
95% Confidence Interval for 
Mean 
Lower Bound 25.403  
Upper Bound 26.939  
5% Trimmed Mean 26.226  
Median 26.000  
Variance 18.503  
Std. Deviation 4.3016  
Minimum 13.0  
Maximum 35.0  
Range 22.0  
Interquartile Range 6.0  
Skewness -.212 .218 
Kurtosis -.073 .433 
Y8F2 involve Mean 29.415 .5395 
95% Confidence Interval for 
Mean 
Lower Bound 28.347  
Upper Bound 30.483  
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5% Trimmed Mean 29.459  
Median 30.000  
Variance 35.802  
Std. Deviation 5.9835  
Minimum 13.0  
Maximum 43.0  
Range 30.0  
Interquartile Range 8.0  
Skewness -.103 .218 
Kurtosis -.291 .433 
Y8F3dowell Mean 20.675 .2616 
95% Confidence Interval for 
Mean 
Lower Bound 20.157  
Upper Bound 21.193  
5% Trimmed Mean 20.848  
Median 21.000  
Variance 8.418  
Std. Deviation 2.9014  
Minimum 8.0  
Maximum 25.0  
Range 17.0  
Interquartile Range 4.0  
Skewness -1.124 .218 
Kurtosis 2.333 .433 
 
 
Tests of Normality 
 
Kolmogorov-Smirnov
a
 Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
Y8BEEscore .061 123 .200
*
 .987 123 .298 
Y8F1world .079 123 .055 .985 123 .201 
Y8F2 involve .062 123 .200
*
 .990 123 .545 
Y8F3dowell .123 123 .000 .925 123 .000 
a. Lilliefors Significance Correction 
*. This is a lower bound of the true significance. 
 
Both tests of normality suggest that BEEscore, F1 and F2 satisfy criteria for normal 
distribution.  
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Year 9 
 
Case Processing Summary 
 
Cases 
Valid Missing Total 
N Percent N Percent N Percent 
Y9BEEscore 115 90.6% 12 9.4% 127 100.0% 
Y9F1world 115 90.6% 12 9.4% 127 100.0% 
Y9F2 involve 115 90.6% 12 9.4% 127 100.0% 
Y9F3dowell 115 90.6% 12 9.4% 127 100.0% 
 
Descriptives 
 Statistic Std. Error 
Y9BEEscore Mean 51.130 .8932 
95% Confidence Interval for 
Mean 
Lower Bound 49.361  
Upper Bound 52.900  
5% Trimmed Mean 51.254  
Median 51.000  
Variance 91.746  
Std. Deviation 9.5784  
Minimum 23.0  
Maximum 75.0  
Range 52.0  
Interquartile Range 12.0  
Skewness -.163 .226 
Kurtosis .619 .447 
Y9F1world Mean 25.913 .4701 
95% Confidence Interval for 
Mean 
Lower Bound 24.982  
Upper Bound 26.844  
5% Trimmed Mean 26.217  
Median 26.000  
Variance 25.413  
Std. Deviation 5.0412  
Minimum 7.0  
Maximum 35.0  
Range 28.0  
Interquartile Range 6.0  
Skewness -.997 .226 
Kurtosis 2.204 .447 
Y9F2 involve Mean 28.539 .6004 
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95% Confidence Interval for 
Mean 
Lower Bound 27.350  
Upper Bound 29.729  
5% Trimmed Mean 28.529  
Median 28.000  
Variance 41.461  
Std. Deviation 6.4390  
Minimum 11.0  
Maximum 45.0  
Range 34.0  
Interquartile Range 8.0  
Skewness .138 .226 
Kurtosis .024 .447 
Y9F3dowell Mean 19.704 .2773 
95% Confidence Interval for 
Mean 
Lower Bound 19.155  
Upper Bound 20.254  
5% Trimmed Mean 19.833  
Median 20.000  
Variance 8.842  
Std. Deviation 2.9735  
Minimum 9.0  
Maximum 25.0  
Range 16.0  
Interquartile Range 4.0  
Skewness -.805 .226 
Kurtosis 1.507 .447 
 
 
Tests of Normality 
 
Kolmogorov-Smirnov
a
 Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
Y9BEEscore .085 115 .040 .985 115 .235 
Y9F1world .107 115 .003 .941 115 .000 
Y9F2 involve .089 115 .026 .989 115 .489 
Y9F3dowell .119 115 .000 .948 115 .000 
a. Lilliefors Significance Correction 
 
SW indicates that BEEscore and F2 satisfy normal distribution 
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Normalilty tests for change variables – whole cohort (all) 
Change & Group 
Kolmogorov-
Smirnov 
Shapiro-Wilk Histogram Q-Q Plot 
Change89BEE all 0.094 0.356 A little peaked Good fit 
Change89F1 all 0.001 0.003 
Peaked but 
even 
Lower end 
varies 
Change89F2 all 0.012 0.441 
Strong mode, 
fair 
Good fit 
Change89F3 all 0.045 0.030 Steep sides 
Lower end 
varies 
Change89BEE 
COR 
0.130 0.045 Split group Split group 
Change89F1 
COR 
0.200 0.476 Even spread Fair fit 
Change89F2 
COR 
0.036 0.105 Split group Split group 
Change89F3 
COR 
0.200 0.631 Even spread Fair fit 
Change89BEE 
Gp1 
0.200 0.587 Good curve Good fit 
Change89F1 Gp1 0.200 0.433 Some skew Good fit 
Change89F2 Gp1 0.200 0.586 Good curve Good fit 
Change89F3 Gp1 0.200 0.578 Strong mode Good fit 
Change89BEE 
Gp2 
0.200 0.496 Strong mode Fair fit 
Change89F1 Gp2 0.003 0.002 
Skew and 
peak 
Lower end 
varies 
Change89F2 Gp2 0.200 0.336 Fair curve Fair fit 
Change89F3 Gp2 0.014 0.021 Low tails 
Lower end 
varies 
 
The Shapiro- Wilk test is used as the main indicator for normal distribution and this is 
satisfied for the change in overall attitude (Change89BEE) for all groups except for 
the Co-Researcher group (CoR) and the change in interest in being involved in 
science (Change89F2) for all groups.  Group 1 (Top set) returns indicate normality 
can be accepted for all Change scores but both Group 2 and the whole cohort (all) 
do not satisfy normal distribution in any test for belief in science being good for the 
world (Change89F1) or  belief in science being worth doing well (Change89F3).  The 
Co-Researcher group (CoR) samples return satisfactory values for at least one test 
for each of the Change scores and given the size of this group (n=8) and that 
normality tests are difficult to satisfy with small groups I turned to the histograms and 
Q-Q plots for further information.   
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Case Processing Summary 
 
Cases 
Valid Missing Total 
N Percent N Percent N Percent 
change89BEE 111 87.4% 16 12.6% 127 100.0% 
change89F1 111 87.4% 16 12.6% 127 100.0% 
change89F2 111 87.4% 16 12.6% 127 100.0% 
change89F3 111 87.4% 16 12.6% 127 100.0% 
 
Descriptives 
 Statistic Std. Error 
change89BEE Mean -1.8649 .93564 
95% Confidence Interval for 
Mean 
Lower Bound -3.7191  
Upper Bound -.0106  
5% Trimmed Mean -1.7688  
Median -1.0000  
Variance 97.172  
Std. Deviation 9.85761  
Minimum -28.00  
Maximum 28.00  
Range 56.00  
Interquartile Range 11.00  
Skewness -.113 .229 
Kurtosis .423 .455 
change89F1 Mean -.4955 .49649 
95% Confidence Interval for 
Mean 
Lower Bound -1.4794  
Upper Bound .4884  
5% Trimmed Mean -.2838  
Median .0000  
Variance 27.361  
Std. Deviation 5.23081  
Minimum -19.00  
Maximum 12.00  
Range 31.00  
Interquartile Range 6.00  
Skewness -.726 .229 
Kurtosis 1.292 .455 
change89F2 Mean -1.0901 .63550 
95% Confidence Interval for Lower Bound -2.3495  
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Mean Upper Bound .1693  
5% Trimmed Mean -1.0856  
Median -1.0000  
Variance 44.828  
Std. Deviation 6.69538  
Minimum -18.00  
Maximum 17.00  
Range 35.00  
Interquartile Range 7.00  
Skewness .097 .229 
Kurtosis .169 .455 
change89F3 Mean -1.0721 .31989 
95% Confidence Interval for 
Mean 
Lower Bound -1.7060  
Upper Bound -.4381  
5% Trimmed Mean -1.0355  
Median -1.0000  
Variance 11.358  
Std. Deviation 3.37022  
Minimum -13.00  
Maximum 8.00  
Range 21.00  
Interquartile Range 4.00  
Skewness -.244 .229 
Kurtosis 1.225 .455 
 
Tests of Normality 
 
Kolmogorov-Smirnov
a
 Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
change89BEE .078 111 .094 .987 111 .356 
change89F1 .117 111 .001 .962 111 .003 
change89F2 .097 111 .012 .988 111 .441 
change89F3 .085 111 .045 .974 111 .030 
a. Lilliefors Significance Correction 
  
Shapiro-Wilk test for normality is satisfied for change89BEE and change89F2 but not for 
change89F1 or change89F3 
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Histograms for change89BEE, change89F1 and change89F2 show reasonable 
distributions...accept normal distribution for BEEScale and F2 and proceed with t tests. 
F1 and F3 proceed with non-parametric tests.
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Normalilty tests for change variables – co-researchers (COR) 
Tests of Normality 
 
set 
Kolmogorov-Smirnov
a
 Shapiro-Wilk 
 Statistic df Sig. Statistic df Sig. 
change89BEE 3 .257 8 .130 .819 8 .045 
change89F1 3 .184 8 .200
*
 .926 8 .476 
change89F2 3 .297 8 .036 .854 8 .105 
change89F3 3 .189 8 .200
*
 .942 8 .631 
a. Lilliefors Significance Correction 
*. This is a lower bound of the true significance. 
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Normalilty tests for change variables – top group (group 1) 
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Tests of Normality 
 
set 
Kolmogorov-Smirnov
a
 Shapiro-Wilk 
 Statistic df Sig. Statistic df Sig. 
change89BEE 1 .079 42 .200
*
 .978 42 .587 
change89F1 1 .094 42 .200
*
 .974 42 .433 
change89F2 1 .104 42 .200
*
 .978 42 .586 
change89F3 1 .096 42 .200
*
 .978 42 .578 
a. Lilliefors Significance Correction 
*. This is a lower bound of the true significance. 
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Normalilty tests for change variables – lower groups (group 2) 
Tests of Normality 
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set 
Kolmogorov-Smirnov
a
 Shapiro-Wilk 
 Statistic df Sig. Statistic df Sig. 
change89BEE 2 .083 61 .200
*
 .982 61 .496 
change89F1 2 .143 61 .003 .933 61 .002 
change89F2 2 .100 61 .200
*
 .978 61 .336 
change89F3 2 .128 61 .014 .953 61 .021 
a. Lilliefors Significance Correction 
*. This is a lower bound of the true significance. 
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Appendix 10:  Examples of Comparison Tests  
 
Paired Sample T tests comparing BEEScore across 3 years 
  
Paired Samples Statistics 
 Mean N Std. Deviation Std. Error Mean 
Pair 1 Y7BEEscore 52.955 88 7.1870 .7661 
Y9BEEscore 52.841 88 9.1260 .9728 
Pair 2 Y7BEEscore 52.933 90 7.1262 .7512 
Y8BEEscore 53.544 90 8.4523 .8910 
Pair 3 Y8BEEscore 52.946 111 8.8860 .8434 
Y9BEEscore 51.081 111 9.7002 .9207 
Case numbers and means are as expected 
Paired Samples Correlations 
 N Correlation Sig. 
Pair 1 Y7BEEscore & Y9BEEscore 88 .262 .014 
Pair 2 Y7BEEscore & Y8BEEscore 90 .385 .000 
Pair 3 Y8BEEscore & Y9BEEscore 111 .440 .000 
Paired Samples Test 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. 
Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 1 
Y7BEEscore 
- 
Y9BEEscore 
.1136 10.0292 1.0691 -2.0113 2.2386 .106 87 .916 
Pair 2 
Y7BEEscore 
- 
Y8BEEscore 
-.6111 8.7058 .9177 -2.4345 1.2123 -.666 89 .507 
Pair 3 
Y8BEEscore 
- 
Y9BEEscore 
1.8649 9.8576 .9356 .0106 3.7191 1.993 110 .049 
The probability value for year 7 to 9 and year 7 to 8 indicates that there is no significant 
difference between the two score sets but that there is a significant difference between 
year 8 and year 9 (just!) 
335 
 
Wilcoxon Signed Rank Test 
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Change89BEE – Independant Samples t tests 
COR and all 
Independent Samples Test 
change89BEE 
Levene's 
Test for 
Equality of 
Variances t-test for Equality of Means 
F Sig. t df Sig. (2-tailed) 
Mean 
Differenc
e 
Std. Error 
Difference 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Equal variances 
assumed 
1.008 .318 2.075 109 .040 7.39806 3.56482 .33270 14.46342 
Equal variances 
not assumed 
  
3.188 10.312 .009 7.39806 2.32028 2.24928 12.54683 
COR and Group 1 
Independent Samples Test 
change89BEE 
Levene's 
Test for 
Equality of 
Variances t-test for Equality of Means 
F Sig. t df Sig. (2-tailed) 
Mean 
Differenc
e 
Std. Error 
Difference 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Equal variances 
assumed 
1.237 .272 2.026 48 .048 7.66667 3.78347 .05949 15.27384 
Equal variances 
not assumed 
  
2.905 16.400 .010 7.66667 2.08266 2.08266 13.25067 
COR and Group 2 
Independent Samples Test 
change89BEE 
Levene's 
Test for 
Equality of 
Variances t-test for Equality of Means 
F Sig. t df Sig. (2-tailed) 
Mean 
Differenc
e 
Std. Error 
Difference 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Equal variances 
assumed 
0.831 .0.365 2.043 67 .045 7.21311 3.53107 .16508 14.26115 
Equal variances 
not assumed 
  
2.951 12.564 .012 7.21311 2.44440 1.91362 12.51261 
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Change89F1 
COR and all 
 
COR and Group 1 
Independent Samples Test 
change89F1 
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 
F Sig. t df 
Sig. (2-
tailed) 
Mean 
Differenc
e 
Std. Error 
Difference 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Equal variances 
assumed 
2.191 .145 1.677 48 .100 3.03571 1.80986 -.60325 6.67467 
Equal variances 
not assumed 
  2.535 18.505 .020 3.03571 1.19758 .52460 5.54683 
COR and Group 2 
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Change89F2 
COR and all 
Independent Samples Test 
change89F2 
Levene's 
Test for 
Equality of 
Variances t-test for Equality of Means 
F Sig. t df Sig. (2-tailed) 
Mean 
Differenc
e 
Std. Error 
Difference 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Equal variances 
assumed 
.427 .515 2.333 109 .021 5.62015 2.40923 .84514 10.39515 
Equal variances 
not assumed 
  3.108 9.279 .012 5.62015 1.80803 1.54876 9.69153 
COR and Group 1 
Independent Samples Test 
change89F2 
Levene's 
Test for 
Equality of 
Variances t-test for Equality of Means 
F Sig. t df 
Sig. (2-
tailed) 
Mean 
Differenc
e 
Std. Error 
Difference 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Equal variances 
assumed 
.624 .433 2.282 48 .027 5.95833 2.61083 .70891 11.20776 
Equal variances 
not assumed 
  2.971 13.659 .010 5.95833 2.00540 1.64709 10.26957 
COR and Group 2 
Independent Samples Test 
change89F2 
Levene's 
Test for 
Equality of 
Variances t-test for Equality of Means 
F Sig. t df 
Sig. (2-
tailed) 
Mean 
Differenc
e 
Std. Error 
Difference 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Equal variances 
assumed 
.269 .605 2.279 67 .026 5.38730 2.36424 .66825 10.10634 
Equal variances 
not assumed 
  2.873 10.688 .016 5.38730 1.87545 1.24469 9.52990 
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Change89F3 
COR and all 
 
COR and Group 1 
Independent Samples Test 
change89F3 
Levene's Test 
for Equality of 
Variances t-test for Equality of Means 
F Sig. t df 
Sig. (2-
tailed) 
Mean 
Differenc
e 
Std. Error 
Difference 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Equal variances 
assumed 
1.172 .284 1.526 48 .133 1.81548 1.18944 -.57606 4.20702 
Equal variances 
not assumed 
  1.826 12.019 .093 1.81548 .99421 -.35035 3.98130 
COR and Group 2 
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Appendix 11:  Attainment Data 
 
100% of the cohort attained L5 in English, Mathematics and Science at KS3 
with L6 returns for 82% (English), 100% (Maths) and 96% (Science). 
 
At GCSE 98% attained 5 A* grades (all of which included Maths and English) 
against 48% for the Torbay authority and 47% for the country as a whole. 
 
119 of the cohort were entered for A levels and the average tariff score was 
247  
 
Against this background the co-researcher group attained... 
 
In the lead up to the project the group had recorded a consistently good 
range of scores with all attaining L5 in science at KS2 and recording CAT 
scores as shown in Table A11 along with predicted performance at KS3 and 
GCSE. 
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BC M/2 132 123 138 131 80% L7 A*/A 
AH F/1 121 120 112 118 41% L6, 52% L7 A/B 
JS M/4 112 98 113 108 58% L6, 15% L7 B/C 
JB F/3 125 118 114 119 41% L6, 52% L7 A/B 
RB M/4 119 141 107 122 22% L6, 72% L7 A/B 
JL M/2 114 123 116 118 41% L6, 52% L7 A/B 
SL F/3 124 120 111 118 41% L6, 52% L7 A/B 
AC F/1 140 123 119 127 80% L7 A 
Table A11: CAT scores ad predictions for KS3 and GCSE for Co-Researchers. 
Using the GL prediction charts for KS3 and GCSE double science grades 
gives an expectation of at least 50% probability of attaining L7 at KS3 and B 
or above at GCSE. 
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Appendix 12: Development of coding:  
 
From first trawl of chosen data sets I derived the following themes and codes 
Theme Codes   
Personal Skills Motivation enjoyment 
 Value self, product, science, 
teachers, school 
 Reflection science, self, learning, 
school... 
 Control ownership, responsibility 
 Organisation notes, presentation, 
 Vocabulary  
 Empathy point of view, range, 
teachers, peers, own 
studies 
 Confidence robustness, determination, 
experience, common 
sense, decisions 
 Relationships audience, peers, teachers 
Process Skills Science SC1, process, analysing 
data, good results 
 Research raise questions, interview, 
questionnaire, analyse, 
ethics 
 Application  SC1, coursework, study 
Learning how are we learning, why are we 
learning, range available, teacher 
input 
 
Science Nature of science  
 Attitude to science  
 Nature of research  
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In parallel, an independent researcher (KW) derived the following: 
 
Themes Codes  
Methodology  (science / research) (application to 
school [science]) 
  Experimental procedure 
  Fair testing 
  Working with data: collection/analysis 
 Evaluation 
Transferable skills  
  Organisation 
  Empathy 
  Planning 
  Independent working 
  Questions: questionnaires/interviews; 
asking/answering 
  (Common sense) 
  Confidence (including personal 
recognition) 
  Explanations 
Metacognition  Awareness/understanding aspects of 
learning 
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Following discussion and comparison the following negotiated code set was produced: 
 
Theme   codes 
Process Skills 
(Methodology) 
Science  
SC1, process, analysing 
data, ‘good results’ 
1PS 
Research  
raising questions, interview, 
questionnaire, analyse, 
ethics 
1PR 
Application  
to school, life, career, SC1, 
coursework, study 
1PA 
Personal Skills 
(Transferable) 
Reflection 
science, self, learning, 
school...explanations  
2PR 
Control ownership, responsibility 2PCO 
Organisation 
Personal notes, 
presentations 
planning 
2PO 
Questions 
Questionnaires, interviews, 
asking & answering 
2PQ 
Vocabulary  2PV 
Empathy/ 
Relationships 
point of view, range, 
teachers, peers, own 
studies, audience 
2PE 
Confidence/ Value 
robustness, experience, 
common sense, decisions, 
self, product, science, 
teachers, school 
2PCV 
Learning 
(Metacognition) 
 
how are we learning,  
why are we learning,  
range of learning styles 
3LM 
Science 
Nature of science  4SNS 
Attitude to science  4SAS 
Nature of research  4SNR 
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Appendix 13: Return to literature on co-researchers – working codes 
 
Theme  codes 
P
ro
ce
ss
 S
ki
lls
 
(M
et
ho
do
lo
gy
) 
Science  
SC1, process, 
analyse data, ‘good 
results’ 
(Shayer 1999); (Galton 2002); (Hargreaves 
and Galton 2002) 
1PS 
Research  
questions, ethics, 
data collection, 
analyse,  
 (Alderson 2001); (O'Brien and Moules 2007); 
(McLaughlin 2006) 
1PR 
Application  
to school, life, career, 
SC1, coursework,  
(Grover 2004); (Griesel et al. 2004); 
(McLaughlin 2006) 
1PA 
P
er
so
na
l S
ki
lls
 
(T
ra
ns
fe
ra
bl
e)
 
Reflection  
science, self, learning, 
school...explanations 
(Edwards 2004); (Bruner 1996);  (Lloyd-
Smith and Tarr 2002); (Shayer 1999); 
(Griesel et al. 2004); (Galton 2002); 
(Hargreaves and Galton 2002); (Schibeci and 
Lee 2003) 
2PR 
Control ownership, 
responsibility 
(Alderson 2001); (Lloyd-Smith and Tarr 
2002);(Ruddock and Flutter 2000); (Wegerif 
2011); (Kellett 2009); (Grover 2004); (Griesel 
et al. 2004); (McLaughlin 2006) 
2PCO 
Organisation  
plans, presenting 
 (Kellett 2005)  2PO 
Questions  
interview, ask/ answer 
(Mayall 2000); (McLaughlin 2006) 2PQ 
Vocabulary  2PV 
Empathy/ 
Relationship;  
PoV, range, 
stakeholders 
(Alderson 2001); (Lloyd-Smith and Tarr 
2002); (Eccles and Wigfield 1995); (Ruddock 
and Flutter 2000);(Ranciere 1991); (Wegerif 
2011) 
2PE 
Confidence/ Value 
robust, 
commonsense, 
decisions, self, school 
product, science,  
(Alderson 2001); (Eccles and Wigfield 1995); 
(Warren 2002); (Griesel et al. 2004) 
2PCV 
Le
ar
ni
ng
 
(M
et
ac
og
ni
tio
n)
 
how are we learning,  
why are we learning,  
learning styles 
(Edwards 2004); (Bruner 1996); (Kellett 
2005); (O'Brien and Moules 2007); (Shayer 
1999); (Roberts 2004); Woodhead (1999); 
(Galton 2002); (Hargreaves and Galton 
2002); 
3LM 
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S
ci
en
ce
 Nature of science  4SNS 
Attitude to science  4SAS 
Nature of research (Alderson 2001) 4SNR 
R
es
ea
rc
h 
 
Q
ua
lit
y 
Impact on own project 
(Alderson 2001); Kirby (2004); (McLaughlin 
2006) 
5ROP 
Impact on main 
project 
(Alderson 2001); Kirby (2004); (McLaughlin 
2006) 
5RMP 
Dissemination (Alderson 2001); Roberts (2004); 5RD 
N
eg
at
iv
e -ve impact on CoR (Griesel et al. 2004); (McLaughlin 2006) 6NCR 
-ve impact on adult R (Griesel et al. 2004); (McLaughlin 2006) 6NAR 
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Appendix 14: Qualitative Data - Case Study example:   
 
1 AC (F) 
 
Overall summary  
AC presented as a very thoughtful person right from the start, she identified interest in 
research itself in her first interview and was one of the most reflective about her reasons 
for joining the group.  She was also clear about what she had gained in that first session 
– giving a list that included clearer understanding of ethical issues and the research 
cycle she was about to engage in.   
Her teachers knew her as an able pupil in the class and as having a more positive 
attitude to her own learning and the subject. (LH 09/12/05) and her year 7 and 8 school 
reports reflect this describing her as achieving a very high standard in her work and tests 
and showing excellent attitude to learning and science ‘AC's regular, insightful 
contributions to class discussion demonstrate genuine enthusiasm for the subject and 
are an example of her superb classroom attitude’(year 7 end of year report) 
 
During the taught sessions: 
Her engagement throughout the project reinforces this impression:  she was analytical 
about the task in hand; the need to refine questions to ensure the right data was 
captured and respondents were encouraged to make full answers; showed considerable 
maturity when practicing her interviewing techniques; adjusted her questions well and 
was able to unpick the successes and challenges that others faced during the process.  
For example, she praised BC for his probing questions but suggested that he adjust 
these when needed so that the interview flowed.  She also identified the need to be 
subtle ‘find a way to ask without being too direct’ in order not to lead the respondent’s 
answers. 
As the sessions progressed she quickly picked up the key skills she felt she needed and 
identified these as keeping the research fair, controlling variables and developing a clear 
question that can be answered through the data collection.  She also often commented 
on the impact of the process on her own understanding of her own learning and about 
how others might feel about their own learning and being asked about it. 
 She showed growing insight into the teachers perspective on the learning in their class 
‘we sort of know what they are getting at and how they are going around it’ and was the 
first to demonstrate a metacognitive understanding ‘when you go into a lesson instead of 
just learning, we’re sort of learning from a slight outside point of view as well.  So we’re 
knowing how we’re learning.’ (AC so far 24/05/05). 
 
Reflecting on her own research project: 
In the final session of the initial project phase, AC was already evaluating how her own 
project  had gone – even while she was still writing it.  She was surprised by the results 
she had obtained (which indicated that there was wide disagreement about whether 
exams or projects were better for revision) and identified that people had differing 
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preferences for working on their own or in groups.  She also suggested some gender 
differences that might be relevant.  
She noted differences in the way different groups responded to being interviewed which 
she broadly described as being related to their relative age compared to  her.  She felt 
that younger pupils were ‘pleased to be asked and took it seriously – but tried to give the 
answer they thought we wanted’ wheras older pupils were more confident but less 
serious about the process (AC email 17/07/05).  She was sure that the co-researchers 
were more likely to get better answers that unknown adult researchers! 
 
Reflecting on the impact of the project: 
AC was reflective throughout and open about her own thoughts.  Immediately after 
completing her project (July 05) AC continued to comment on the way she and others 
learn as a result of the project and saw applications of the skills developed in terms of 
science broadly but also in the education system.  6 months later during the lead up to 
the conference presentation, she described a growing confidence in herself generally 
and again mentioned her understanding of relationships with teachers and peers, 
especially reinforcing her increased awareness of teacher motivation and intention in 
lessons.  She discussed the impact of the individual projects and reflected that this was 
probably greatest for the authors of each one ‘I think if I had done that [referring to BC 
and JL’s project on after school clubs] – that would have had a big influence on the 
sports things I did and the science.  I’d have looked at science in a different light’.  For 
her the biggest impact was the learning about research and how to answer her own 
questions and she also felt that she would be confident in interviews since she felt she 
understood how these worked much better now. 
 
At the end of the project the head of science was full of admiration and enthusiasm for 
AC who he described as ‘someone who excels across the board’ (DrH interview 16/7/07) 
 
Quasi quantitative analysis of coding 
The coding of comments made during the various interviews also allows a comparison of 
the nature and content of discussions at key points in the project and enables potential 
trends to be teased out.  
 
Overall of 119 comments by AC that were captured and coded 61 were linked to codes 
relating to process skills (3 codes), 98 to personal skills (7 codes), 37 to Metacognition (1 
code), 19 to science (3 codes)  and 38 to quality of output (3 codes).  Of course there 
are overlaps but the highest number of codes assigned was 58 for empathy  (2PE), then 
47 for research skills  (1PR), 43 for reflection  (2PR) and then 37 for Metacognition  
(3LM). 
This gives an overall picture of AC talking mostly about her developing understanding of 
relationships, her growing confidence in research skills, her ability to reflect on her own 
learning and that of her peers and her understanding of how she was learning.   
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However this is a picture of all captured comments over the progress of the project and 
the change in proportion of comments assigned to each code at each stage of the 
project tells a more interesting story about how the focus of her discussions changed as 
the project developed.  There are two key angles I want to explore here:  a) AC’s 
changing view on what she (and other co-researchers) had gained from the project itself 
and b) evidence of her changing understanding of Science, the research process and 
the skills involved. 
 
What AC felt she had gained 
I explored this theme by considering her discussions in the initial session on what they 
hoped to get out of the project (April) and three signpost interviews looking at what they 
feel they had achieved or learnt, early in the project (May) as they completed their write 
up (July) and at the point of dissemination (December). 
Using the blunt instrument approach of dividing the number of incidents of each code by 
the number of comments recorded in each of these discussions the following 
percentages were obtained 
 
Percentage of codes recorded for each interview (code/ number of comments) - AC 
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Green highlighting indicates that over 40% of comments made were allocated to that 
code and orange highlighting that over 20% were allocated. 
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What is interesting is that the proportion allocated to codes overall in this set of data 
(bottom row) hides a changing pattern of codes over time when discussing the same 
question (what might/do co-researchers gain from this project).  This indicates a growing 
awareness of the benefits beyond what was initially expected and in AC’s case a focus 
on the impact of relationships and understanding others.  Her focus on gaining research 
skills is diluted by rising interest in the nature of questioning, empathy with others and 
knowing how she is learning. In the final interview she also talks substantially about the 
development of confidence and the impact of the individual projects. 
 
Her contribution in the first interview is very brief with two statements about potential for 
developing knowledge about the research process ‘About knowledge, ethics and the 
research cycle’ (AC interview 29/04/05) 
But by May she is already showing a growing awareness of the potential for further 
learning in particular around the nature of questioning ‘yes – cos its not just asking 
questions its how to go round it, much more difficult than I thought it was’(AC interview 
24/05/05) and that the project would be useful in gaining a broader view of other peoples 
experience of learning ‘It will help us to, sort of empathise with other people the rest of 
years and know what to expect as you go up the school’ (AC interview 24/05/05/0.  She 
also discussed the nature of learning – and being aware of how you are learning ‘when 
you go into a lesson instead of just learning, we’re sort of learning from slightly outside 
point of view as well. So we’re knowing how we’re learning’(AC interview 24/05/05) 
 
By the time she was writing up this metacognitive element was more strongly 
established in her dialogue ‘when you have to do a homework or something you’re 
looking more into it and you’re seeing more processes - as well as the question.’ ‘rather 
than just doing it you’re looking for what’s behind’ (AC interview 12/07/05).  This is 
coupled with a strongly developed sense of empathy with other learners (and teachers!) 
and their individual need to learn and study in their own way ‘helps you to empathise 
with other peoples learning... you realise that that’s their learning and how they want to 
learn’ (AC interview 12/07/05) 
 
In the December interview she displays clear pride in achievement and a growing sense 
that she could contribute something unique and valuable. 
‘I know that we’ve done some interesting research and got - found some interesting 
things out and if they want to know it – and we are the only ones that can tell them – so 
they are going to listen’ (AC ROP interview 14/12/15) 
And also a growing understanding of the nature of learning and how it was developing 
both for herself as a result of her own research project 
‘I think that was helpful – because I could look upon what I need to get out of an exam 
and what I need to get out of a project and actually I need to get out the same thing’ (AC 
interview 14/12/15) and also by observing the other co-researchers development and 
noticing what they were learning ‘doing it as a group you saw other people move on and 
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you can sort of see what they were doing and how it applied to you’ (AC interview 
14/12/05) 
She noted a growth in confidence in the group to tackle challenges that might have 
seemed daunting before ‘the main benefit is from now on we could given an enquiry in 
any subject we could go on and do it and we feel more confident with interviewing and 
questioning’ (AC 2PCV interview 14/12/05) 
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Developing confidence and understanding of science/ research process 
This theme is explored through analysing AC’s contribution to discussions about the 
development of the paired research projects and the co-researchers skills in completing 
these as well and feedback about her from her peers and teachers.  It therefore looks at 
her skill in reflecting on necessary skills and supporting individual development.  There 
are 4 key data sets that I used to explore this:  session 2 discussion on interviewing 
(May) including the interview practice and feedback (2 sets 13/05/05), the final session 
on drafting projects (July) and an email interview looking at the nature of relationships in 
research (July).  I also considered the views of teachers on her attitude and contribution 
to science in school (December 05 and July 07) overall. 
 
Using the same blunt instrument approach as before, the following percentages were 
obtained – a reduced number of codes were assigned in this data set due to the nature 
of the data capture.  These are (in order of overall representation):empathy (2PE); 
reflection (2PR); research skills(1PR); impact on own project (5ROP); Metacognition 
(3LM); questioning (2PQ), nature of research (4SNR), confidence (2PCV), nature and 
application of science (4SNR & 1PA) and attitude to science (4SAS) 
 
Percentage of codes recorded for each interview (code/ number of comments) - AC 
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set 
61% 6% 67% 27% 76% 12% 30% 6% 3% 18% 33% 33 
 
In this case the overall distribution of codes matches that in individual data sets more 
closely than for AC’s views on her own development, but there are still developing trends 
evident.  Initial focus on questioning and research skills are broadened in subsequent 
sessions,  particularly in the interview practice, and while a sustained focus on research 
skills, reflection and empathy are a feature of all of these data sets, towards the end  of 
the initial phase of the project  (July) the two approaches to data collection derive 
differing results.  Elements of developing confidence and understanding of the nature of 
research emerge from the email data while the drafting discussion uncovers a focus on 
the impact of individual projects and metacognition.   
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Comments coded for research skills are common throughout the project but the nature of 
the comments changes from simple observations and procedural considerations such 
as... 
‘If none of your questions ask that - you need to ask….more to develop it?’ 
‘you have to go round it so we get the truthful answer - without going do you prefer 
exams or project’ (AC session 2 13/05/05) 
As she gained more experience AC was able to unpick why there were particular 
difficulties or responses and how different respondents  might answer... 
‘we were more nervous when we were interviewing older people as we were 
apprehensive as to what sort of response we were going to get, but they felt more 
confident in telling us whatever they thought.’ 
‘year 7s took it very seriously, were delighted at having been chosen and so they gave 
sincere and deeply thought out answers; trying to give us what they thought we wanted.’ 
(AC drafting interview 13/07/05) 
 
She was also clear about the advantage of being a co-researcher in terms of the quality 
of the data obtained 
‘I think sharing their ideas with us, they thought we’d be more likely to understand as 
fellow pupils at the same school within a year of them, having experience or going to 
experience school that they are in now. I think that with an adult researcher they know 
that they are not going to fully understand their answers about different aspects of school 
life where as we were experiencing it at the same time.’ (AC email interview 17/07/05) 
 
AC also showed a strong focus on reflection and empathy throughout and the nature of 
comments in this theme also altered over the course of the project. 
Initially her comments over simplified the situation 
‘we hope to find out what people – not so much prefer because then obviously people 
we would presume will all go for projects but what they genuinely find is more effective 
and that will be difficult getting their genuine  opinion because they’ll just go – oh 
projects.  Because they prefer doing that’ (AC pair interview 13/05/05) but by the writing 
up stage she was grappling with the complexity of the situation and exploring her own 
ideas about  
Yes I think they like it [exams] – knowing they’ve got GCSEs and SATs they like it as 
sort of warm up, if you like, for them. 
‘it wasn’t a bit of both it was either one or the other so that was interesting – they don’t 
like to do a bit in class and a bit at home it was the lone workers… also I think the ones 
in class like to do things as games and stuff because they find it more fun and maybe 
those can’t be bothered to do as much at home because it’s more writing down.’ (AC 
drafting 14/07/05) 
 
AC’s overall profile is compared with other researchers in the analysis chapter  
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Appendix 15: Calculations for Case Studies:   AC 
Developing skills and understanding 
Numbers of codes recorded for each dataset - AC 
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drafting 
 3  7     12  7 2   9   40 13 
17/07/05 
email 
 6  6     6 4    6    28 7 
Total in 
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 20 2 22   9  25 4 10 2 1 6 11   112 33 
Percentage of codes recorded for each interview (code/ all codes) - AC 
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drafting 
 8%  18%     30%  18% 5%   23%   40 
17/07/05 
email 
 21%  21%     21% 14%    21%    28 
Total in 
set 
 18% 2% 20%   8%  22% 4% 9% 2% 1% 5% 10%   112 
Percentage of codes recorded for each interview (code/ number of comments) - AC 
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 50%     100%           2 
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Int prac 
 91% 18% 82%   64%  64%  27%  9%  18%   11 
12/07/05  
drafting 
 23%  54%     92%  54% 15%   69%   13 
17/07/05 
email 
 86%  86%     86% 57%    86%    7 
Total in 
set 
 61% 6% 67%   27%  76% 12% 30% 6% 3% 18% 33%   33 
 
357 
 
Developing trends in view on benefits from project 
Numbers of codes recorded for each interview - AC 
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12/07/15 
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3 4 3 6   5  7  5 1   1   35 16 
14/12/05 
Int solo 
 8 8 11 6  11 1 17 18 16 3 1 3 15 4 11 133 60 
Total in 
set 
6 24 12 20 6 0 23 1 30 18 25 5 2 3 16 4 11 206 99 
 
Percentage of codes recorded for each interview (code/ all codes) - AC 
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 6% 6% 8% 5%  8% 1% 13% 14% 12% 2% 1% 2% 11% 3% 8% 133 
Total in 
set 
3% 12% 6% 10% 3%  11%  15% 9% 12% 2% 1% 1% 8% 2% 5% 206 
Percentage of codes recorded for each interview (code/ number of comments) - AC 
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 100%  50%              2 
24/05/05 
so far 
14% 48% 5% 10%   33%  29%  19% 5% 5%     21 
12/07/15 
int all 
19% 25% 19% 38%   31%  44%  31% 6%   6%   16 
14/12/05 
Int solo 
 13% 13% 18% 10%  18% 2% 28% 30% 27% 5% 2% 5% 25% 7% 18% 60 
Total in 
set 
6% 24% 12% 20% 6%  23% 1% 30% 18% 25% 5% 2% 3% 16% 4% 11% 99 
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Appendix 16: Calculations for Case Studies:   All Co-Researchers 
Developing skills and understanding: Numbers of codes recorded for each dataset – all 
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050429 S1 
why  
1 9 5 3 2 0 0 1 5 1 0 3 3 1 0 0 1 35 17 
050513 S2 
int uss 
0 6 0 0 0 0 9 1 2 0 0 0 0 0 0 0 0 18 12 
050513 
AC&AH int 
BC&JL 
0 5 1 4 0 2 5 0 10 3 0 0 8 0 2 0 2 42 25 
050513 
BC&JL int 
JS&RB 
0 9 0 13 0 3 8 0 13 1 0 2 5 0 0 2 0 56 26 
050513
JS&RB int 
JB&SL 
0 9 5 4 0 0 7 0 10 0 3 2 4 0 0 0 0 44 16 
050513 
JB&SL int 
AC&AH 
0 18 2 10 0 0 13 0 9 0 5 0 2 0 4 0 0 63 20 
050524 
sofar 1 
7 12 2 0 3 2 2 1 2 2 0 6 0 3 0 0 0 42 16 
050524 
sofar 2 
4 13 1 4 0 0 10 0 9 0 6 3 2 2 0 0 0 54 28 
050524 
sofar 3 
2 7 1 1 0 0 5 0 5 0 0 0 0 0 3 0 0 24 10 
050712 
draftJB/SL 
0 13 0 0 0 1 1 0 4 0 1 2 1 5 6 0 0 34 14 
050712 
draftAH/AC 
0 11 0 19 0 1 3 1 30 1 20 2 0 5 22 0 0 114 35 
050712 int 
all 
11 9 7 16 2 4 10 5 15 4 8 11 6 0 1 0 0 109 44 
050717 
RB&JS 
0 5 0 3 0 0 7 0 9 9 0 0 0 1 0 0 0 34 17 
050717 
email  AC 
0 6 0 6 0 0 0 0 6 4 0 0 0 6 0 0 0 28 6 
050717 
email  BC 
0 3 0 2 0 0 0 0 3 2 0 0 0 0 0 0 0 10 3 
050717 
email JL 
0 4 0 4 0 0 0 0 4 4 0 0 0 0 0 0 0 16 4 
050717 
email AH 
0 5 0 5 0 0 0 0 5 5 0 0 0 0 0 0 0 20 5 
051214   
int SL 
1 2 4 11 0 0 5 0 11 5 14 2 3 0 11 0 6 75 22 
051214   
int AH 
0 5 4 6 2 2 1 0 12 4 4 0 3 0 1 0 1 45 20 
051214   
int BC* 
2 4 1 4 2 2 1 1 6 0 1 2 2 1 0 0 0 31 17 
051214   
int JL 
3 4 1 0 0 2 0 1 0 3 0 0 0 0 0 0 0 14 14 
051214   
int JS 
1 6 5 3 2 1 3 0 0 7 0 4 1 3 3 0 5 44 19 
051214   
int RB 
0 1 1 8 2 2 0 0 9 2 2 0 1 2 1 0 0 31 7 
051214   
int JB 
1 12 5 9 0 8 4 2 8 4 7 5 4 2 3 0 6 80 33 
051214   
int AC 
0 8 8 11 6 0 11 1 17 18 16 3 1 3 15 4 11 143 48 
070716   
int CoR 
8 18 19 13 8 4 9 0 20 16 14 38 49 32 6 0 11 265 91 
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* Two codes for 6NCR (negative impact on co-researcher) 
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050429 S1 why involved 
14 11 0 4 1 0 35 17 
050513 S2 interview discussion 
6 9 0 0 0 0 18 12 
050513 AC&AH int BC&JL 
6 19 0 8 4 0 42 25 
050513 BC&JL int JS&RB 
9 24 0 5 2 0 56 26 
050513 JS&RB int JB&SL 
14 14 3 5 0 0 44 16 
050513 JB&SL int AC&AH 
19 18 5 2 4 0 63 20 
050524 sofar 1 JL, RB & BC 
14 7 0 8 0 0 42 16 
050524 sofar 2 AC & AH 
14 18 6 5 0 0 54 28 
050524 sofar 3 JB & SL 
7 8 0 0 3 0 24 10 
050712 draft JB/SL 
13 4 1 8 6 0 34 14 
050712 draft AH/AC 
11 33 20 7 22 0 114 35 
050712 interview all 
23 36 8 11 1 0 109 44 
050717 RB&JS 
5 17 0 1 0 0 34 17 
050717 email  AC 
6 6 0 6 6 0 28 6 
050717 email  BC 
3 3 0 0 0 0 10 3 
050717 email JL 
4 4 0 0 0 0 16 4 
050717 email AH 
5 5 0 0 0 0 20 5 
051214   int SL 
7 19 14 3 14 0 75 22 
051214   int AH 
9 15 4 3 2 0 45 20 
051214   int BC* 
6 10 1 4 0 2 31 17 
051214   int JL 
8 6 0 0 0 0 14 14 
051214   int JS 
11 11 0 4 5 0 44 19 
051214   int RB 
2 10 2 3 1 0 31 7 
051214   int JB 
16 20 7 7 8 0 80 33 
051214   int AC 
15 36 16 6 25 0 143 48 
070716   int CoR 
23 50 14 60 17 0 265 91 
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Developing trends in view on benefits from project: Numbers of codes recorded for each interview –All Co-researchers 
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int all 
11 9 7 16 2 4 10 5 15 4 8 11 6 0 1 0 0 109 44 
14/12/05 
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8 42 29 52 14 17 25 5 63 43 44 16 15 11 34 4 29 463 180 
Total in 
set 
33 92 45 76 21 23 52 12 99 50 58 39 26 17 38 4 30 727 295 
16/07/07 
Int all 
8 18 19 13 8 4 9 0 20 16 14 38 49 32 6 0 11 265 91 
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Percentage of codes recorded for each interview (code/ all codes) – All 
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int all 
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14/12/05 
Int solo 
2% 9% 6% 11% 3% 4% 5% 1% 14% 9% 10% 3% 3% 2% 7% 1% 6% 463 
Total in 
set 
55 13% 6% 10% 3% 3% 7% 2% 14% 7% 8% 5% 4% 2% 5% 1% 4% 727 
Int all 
16/07/07 
 
3% 7% 7% 5% 3% 2% 3% 0 8% 6% 5% 14% 18% 12% 2% 0 4% 265 
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Percentage of codes recorded for each interview (code/ number of comments) – All 
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29/04/05 
aspire 
6% 53% 29% 18% 12% 0 0 6% 29% 6% 0 18% 18% 6% 0 0 6% 17 
24/05/05 
so far 
24% 59% 7% 9% 6% 4% 31% 2% 30% 4% 11% 17% 4% 9% 6% 0 0 54 
12/07/15 
int all 
25% 20% 16% 36% 5% 9% 23% 11% 34% 9% 18% 25% 14% 0 2% 0 0 44 
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Int solo 
4% 23% 16% 29% 8% 9% 14% 3% 35% 24% 24% 9% 8% 6% 19% 2% 16% 180 
Total in 
set 
11% 31% 15% 26% 7% 8% 18% 4% 34% 17% 20% 13% 9% 6% 13% 1% 10% 295 
 
Int all 
16/07/07 
9% 20% 21% 14% 9% 4% 10% 0 22% 18% 15% 42% 54% 35% 7% 0 12% 91 
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Appendix 17: How do Girls and Boys Preferences in Science Change 
Between year 7 or 8  
 
How Did Girls and Boys Preferences in Science Change Between year 7 or 8 and why? 
 
RB and JS 
 
Introduction:   
We came up with our question because between us our views contradicted 
each other and so we decided to put this to the test and see who most people 
agreed with.  We disagreed as one of us thought that science was better in 
year 7 and the other thought that year 8 science was better. 
 
 “ Boys were found to have higher initial status on attitudes toward science 
and their attitudes dropped faster than girls” (George 2000) 
 
We think that this shows that boys in general preferred science in Year 7 and 
so did girls but not by as much.  However we can’t be sure, as this was in the 
USA and it was 5 years ago and we have not yet proven this with our final 
results. This slightly differs to what we want to find out because we needed to 
find out whether this was the case in our school and why.  This is also backed 
by an assembly taken at our school on the questionnaires that Exeter 
University handed out which implied that year 8s found year 7 science more 
interesting. 
 
 
Design:   
We decided to take our research by setting up questionnaires for roughly 60 
pupils from year 8 at Churston Grammar.  Our questionnaires were easy to 
answer as they had a tick scale, which let pupils express their views more 
openly.  We used emotional faces to express what they meant more clearly 
(see appendix 1).  After analysing the results from the questionnaires we 
decided to set up 5 interviews with the pupils whose expressed opinions 
interested us.  We made sure that these pupils had different views and 
classes so that we had a wider range of answers and opinions. We decided 
to both take out a questionnaire and some interviews so that we would have 
both general and some personal opinions as well. On the report we thought it 
was important to keep peoples identities confidential, to prevent 
embarrassment, this also meant that people could be clear and honest 
without worrying about what others thought for they wouldn’t know who would 
have said it.  For both our questionnaires and interviews we tried to get as 
much information out of the pupils as we could, we also tried to get an honest 
opinion out of them. 
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Collecting the Data:   
In our data we decided to take questionnaires of 2 of the forms in our year, so 
that they would have the best memory of the question that we were to ask 
them.  We chose to take out the questionnaires during tutor time, in both of 
our forms.  Then after analysing the results gathered, we took out our 
interviews in the tutor periods, we did this because the pupils may not have 
wanted to give up their lunch times. 
 
 
Findings: 
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graph 1 – Importance of Science 
highest reading – science is important for the future – average 4.25 
average importance score 3.42 for boys, 3.24 for girls 
girls ranked science more highly for home and future 
both ranked science as important in education 
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Year 7 topics
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graph 2 – enjoyment of year 7 topics 
Year 8 topics
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graph 3 – enjoyment of year 8 topics 
 
average rankings for boys 3.44 in year 7, 3.29 in year 8 
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average rankings for girls 3.45 in year 7, 3.22 in year 8 
Analysis: 
Overall boys ranked science as more important than girls, but girls on 
average think that science is more important to the future and more 
important in their area. We found that in general boys preferred the 
topics in science to girls in year 8 but that there was little difference in 
year 7.  Overall both genders preferred year 7 topics better. 
 
 
 
 
Conclusions: 
We think that when teaching it is important to be more specific about the 
application of science for girls, whereas for boys they just seemed to 
need encouraging.  The idea that most students preferred science in 
year 7 might be because the teaching suited them following on from 
primary and that the topics were more interesting.  Overall we believe 
that our research was carried out effectively and our results were fairly 
pleasing.  We found that overall the boys and girls attitudes have 
dropped from year 7 to year 8 but less than the national statistics would 
predict. 
 
 
 
Reference: 
George, R. (2000) Journal of Science Education and Technology, 9, 213-225. 
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Appendix 18: What are more effective for learning, exams or projects?  
 
What are more effective for learning, exams or projects/ coursework? (Does it 
depend on the teaching technique?) 
AC and AH 
 
Introduction:  
 
 We know that recent research has been done on this topic and it shows that the teachers who had 
formal education back grounds, and continued to learn during their teaching career, were more inclined 
to adopt project based approaches to teaching! (Ben-Chaim and Zoller 1997).  Experienced teachers 
who had more than five years of teaching experience seemed to be more comfortable experimenting 
new approaches to teaching. 
 
 It is slightly different to the information we want to find out because we would like to know 
which is more effective not who uses it and also not for teaching but learning.     
 
Design:  
 
We decided on our question by talking to people and finding out their views. We discussed it and we 
also knew that it would be helpful to anyone interested in the subject. E.g. teachers and pupils. We tried 
to keep the question neutral to prevent offending either the teacher or the pupil. 
 
Collecting the Data: 
 
When we collected the data we knew at the start we didn’t want a big sample; just a few from each year 
group. We were worried that people would immediately go for projects, as they are not as stressful as 
tests, so we had to word our questions very carefully. In the end we decided to take ten from each year 
group: five girls and five boys. From years seven, nine and eleven as these years have just done or are 
doing SATs or GCSEs.  
 
Findings: 
 
 From all of this information we have discovered that: 
 Year nines usually spend just one to three days revising for an exam. But ten people of all age 
groups revised two to four weeks before. 
 When given the choice 11 out of 21 people would prefer to do exams and 13 out of 21 would prefer 
to do projects. 
 All people either agreed or strongly agreed that revision is very important before an exam. 
When we compared the categories of stress levels between tests and projects the average was that 
less people found projects stressful however, 2.4 of them did. 
◦ The people who found projects more useful (76%) was due to them; writing stuff down which was 
fun and enjoyable, colourful, easier to absorb and look back to and was always there. 
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Analysis: 
 
 Approximately the same amount of people spent four to seven days on a project as two to four 
weeks. 
 Not everyone likes to revise on their own 
◦ Some topics need more projects than others. 
◦ You need different amounts of revision for different topics. 
◦ It depends on the different teaching techniques as to how much people remember in tests. 
 
 
Some interesting comments that were said in response to our question 
‘Which would you find more useful a project or a test and why?’   
They were: 
 Projects were found more useful because they were more fun and interesting. 
◦ Test just make you stressed and put you under pressure. 
◦ Projects can be fun if you do it in pairs. 
◦ You have to write it all down and make it look pretty. 
◦ Your not under pressure and it is fun to do it with friends. 
◦ Less stressful and annoying than exams. 
◦  Projects help you learn. 
◦ You don’t find it stressful but fun. 
◦ You have more thinking time. 
◦ Everyone wants to get a high grade and ion a project people can have fun as well as learning. 
◦ Fun and more interesting. 
◦ Available all the time. 
◦ Exams-evil, actually I would rather do nothing. 
◦ More enjoyable 
◦ The give you better examples of what you have learnt in what you make. 
◦ You research into what you are doing. 
◦ It helps me to absorb the information and learn more. 
 
Conclusions: 
 In conclusion we discovered that surprisingly a few people said they found and preferred tests 
to projects which surprised us as we thought that people would prefer projects as they are less stressful 
and more about presentation than facts. For this reason we worded the questions in a different way so 
that would not get immediate and simple answers but long and more detailed ones. When we got the 
questionnaires back we realised that we had been wrong and that some people actually preferred tests 
as they are quicker to get over and done with and can pick out where your weak points are. 
 
 We also found that out of the different topics in science people found that they needed more 
revision for topics that you only know about from text books such as acids and alkaline, and less 
revision for more everyday topics such as reproduction. 
  
When we interviewed the year 7s we discovered that tests and projects aren’t everything: teaching 
techniques play a big part as well. They told us that in an exam it is easier to remember things from 
different teaching techniques such as drama. When we started researching into our question this wasn’t 
one of the things we meant to find out about but found it very interesting and expanded on it in our 
interview. This surprising information helped us to link whether they liked tests or projects as with this 
particular science teacher they were in favour of tests as they found it easier to remember things. We 
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also found that people find projects really good for referring back to before exams and they can think: 
‘oh, I remember that!’ and look back on before an exam; using them as revision notes. 
 
Another thing that we learnt was that the people preferred doing projects liked them because you 
had to write things down and make things colourful as it is easier to refer back to for revision. 
 
When we discussed what we had found out with our group someone suggested that some people 
may have been influenced by the fact the at tests are compulsory and so didn’t know quite what they’d 
do given the choice – they think of tests and good practice for the bigger future exams. We hadn’t 
thought of this whilst writing our questions and I think if we had we would have asked it in our interview 
questions and so would have made our research fairer and had a clearer view on people’s views. 
 
From our questionnaires we learned that the people who favoured tests liked them because they 
can find their weaknesses from tests and improve on that particular subject they find difficult. 
 
In the findings we mention that year 9s usually spend just 1-3 days on revision, but 10 people of all 
age groups revise 2-4 weeks.  We think that this is because there weren’t many categories to choose 
from in the questionnaire. i.e. we went from 4-7 days to 2-4 weeks which didn’t leave a category for 1-2 
weeks. We think if we had put these extra categories in we would have got some slightly different and 
more accurate data. 
 
In a similar question for projects we found out that some people spend longer on them than others.  
We thought that this may be because some people begin the projects as soon as they receive the task 
but others could leave it to the last minute. The ones who began the projects right away would probably 
spend longer on them than the ones who leave it to last minute who will have no choice but take as little 
time-however much time they have left before the deadline. 
 
We found this project very interesting and exciting, especially getting the questionnaires back and 
interviewing (although this could be quite nerve racking!). We learnt a lot from this project and got some 
very interesting results back.  
 
 
Reference: 
Ben-Chaim, D. and Zoller, U. (1997) Instructional Science, 25, 347-367. 
 
371 
 
372 
 
Appendix 19: Which area of science do students and teachers find most 
interesting? 
 
Which area of science do students and teachers find most interesting to teach and be 
taught? 
SL and JB 
 
 
Introduction:  
 
We decided to study the question ‘Which area of science do students and teachers find 
most interesting to teach and be taught?’ because after collecting our results and 
enquiring into them we would be able to see which area of science needs to be improved 
or made more exciting and therefore improve the quality of teaching and how teachers 
prepare for lessons, making it more interesting for all people involved in the learning of 
science! We know from our own experience that if the lesson is boring then you tend to 
drift off and don’t learn or remember anything! If the teaching is exciting and involves you 
it makes you want to learn and you generally remember and learn most of the details. 
 
Design: 
 
We decided to find out the information we wanted by using questionnaires and 
interviewing those people whose questionnaires looked interesting. We wanted the 
questionnaires to tell us which science area was most preferred and which was the least. 
We then wanted to examine the least preferred area of science and investigate why it 
was the least preferred area. Also the favourite area and investigate why it was so and 
therefore we can use that information and use it to help us improve the least favourite 
one. This meant that the questionnaire consisted of 3 sections: 1 for physics, 1 for 
biology and 1 for chemistry. We asked questions that made people answer what they 
liked about the subject and which was their favourite without making them answering it 
directly. There were slightly different questions depending on whether it was students or 
teachers that were answering the questionnaire; for example on the teachers 
questionnaire it would have been ‘I think children are enthusiastic about learning (1 of 
the three subjects for example physics)’ but on the students it would have been ‘I think 
teachers are enthusiastic about teaching (1 of the three subjects for example physics)’.  
In these three sections there were statements like: I enjoy (1 of the three subjects for 
example physics) and boxes consisting of what they thought about science. The boxes 
were- depending on the question: either a lot, quite a lot, a bit, a little, not much, or 
always, often, sometimes, seldom, and not at all. (full questionnaires given in appendix.) 
We then looked through all the questionnaires and decided whose was most interesting 
and then we interviewed people: 2 teachers and 4 students in total.  We would then be 
able to improve the lessons that most children find boring. 
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Collecting the Data: 
 
Our data sample was a form from year 7, year 8 and year 9. There were about 30 people 
in each form. Our data sample also included all of the teachers that teach year 7, year 8 
and year 9. Overall we collected 65 pupil (some were absent) questionnaires and 
teacher questionnaires. 
 
Findings: 
 
We collected the data and then entered it from the questionnaires on to an excel 
spreadsheet and worked out the averages (see graphs below).  
 
Note that year 7s average enjoyment of chemistry is 4.3 while year 8s is 2.4 and year 9s 
is 3.2. 
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Analysis:  
 
The averages suggest that the average year 7 enjoys chemistry the most (graph 1). 
Graph 2 shows that the average year 8 prefers biology just like graph 3 shows that the 
average year 9 prefers biology and chemistry. In year 8 all of the three subjects 
enjoyment averages are around the same value –from 2.8 (the highest) to 2.2 (the 
lowest) – we thought it was unusually low compared to year 7s chemistry enjoyment 
average stands out among the rest seeing as it is 4.3! Although the other two subjects: 
biology and physics are around the same value. Year 9s enjoyment averages are around 
the same value- 3.1 slightly higher than year 8s but no where near as high as year 7s.  
 
Conclusions:  
 
We think that year 7s enjoy chemistry the most because after moving from primary 
school they’re not used to doing experiments so it seems very exciting, we also tended 
to find that in most of the years that did the questionnaires the children liked ‘blowing 
things up’, so to enjoy the phenomenon of chemistry we think  there should be more 
dangerous demonstrations to excite the children and keep their appetite for learning 
more in chemistry going. “Its much better to do something to learn about it than to have 
someone show you something to learn about it.” As in year8 you start to tire of the same 
sorts of experiments that only you are allowed to do, so you never really see the 
dangerous exciting bits of chemistry it gets its reputation from. And then maybe this will 
make the children ‘wow’ more and persuade them into wanting to know what chemistry 
is like once you have got the basics figured out, and then the higher up in the school you 
go the more of the exciting mind boggling things you get to do. But of course you have to 
explain and tell them or ask them what they think is actually happening afterwards.  
 
 We also found out that year 8s and year 9s enjoy physics (see graph 2 and 3) the 
least because it only gets interesting at a later stage in education: “Physics is a really 
odd subject, it’s incredibly fascinating, but to find it…but it only gets incredibly fascinating 
at about A level and University level.  And then it gets – you know things start blowing 
your mind – its amazing, seriously, I can’t, I mean you’re probably just sitting there 
thinking ‘yeah whatever’ but it is absolutely fascinating some of the stuff that physicists 
do and the things… you know … and the way atoms and sub–atomic… particles smaller 
than atoms behave is just mind boggling, but the problem with physics is the stuff that 
we teach at school in physics isn’t as interesting, but it’s, but you don’t need as much, 
you need to have an awful lot of knowledge about physics before it gets really exciting.  
And I find that’s a bit of a barrier to physics and I think, I genuinely think that pupils don’t 
enjoy physics as much because its not, at this level, at school level, key stage 3, key 
stage 4, its not as interesting because we, because its just a bit too complicated.” 
(comment from teacher interview) (See graph 3). 
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 The teachers enjoyment of teaching depended on what subject they taught for 
example: “I’m a chemistry teacher … I understand chemistry the most and I find it the 
most interesting out of the three… and I think because I’ve got a lot of knowledge about 
it’ because I know a lot about chemistry, I think that I can make it very interesting to 
teach and I can teach it well and that makes me enjoy teaching it and I think it makes the 
kids enjoy learning it” (comment from teacher interview) (see graph 4). This reflected on 
the children because the more enthusiastic teachers tend to make things ‘stick in your 
brain.’ (comment from pupil interview) 
 
The data might not be very accurate because even though we explained what 
each subject (biology, chemistry, and physics) involved pupils in year 7 and 8, they may 
not fully understand the differences between each one because the subjects are not 
taught individually until year 9. 
 
If anyone wants to follow this question up then we think possible lines to go down 
would be why students prefer chemistry to physics and biology and which one out of 
demonstrations and experiments are most important to learn from and whether anything 
else effects the attention, concentration and learning span of different aged children and 
teenagers. 
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Name  Set  
Current science teacher  
 
Please indicate your answer by circling one of the choices. 
I enjoy learning chemistry 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I learn from the videos in chemistry 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I learn from the demonstrations in 
chemistry 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I learn from experiments in chemistry 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I learn from the internet in chemistry 
lessons 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I learn from chemistry books  
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I think teachers are enthusiastic about 
chemistry 
alway
s 
often 
sometime
s 
seldo
m 
not at 
all 
Children are motivated to learn in 
chemistry 
alway
s 
often 
sometime
s 
seldo
m 
not at 
all 
Learning about chemistry is easy alway
s 
often 
sometime
s 
seldo
m 
not at 
all 
 
Please indicate your answer by circling one of the choices. 
I enjoy learning biology 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I learn from the videos in biology 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I learn from the demonstrations in biology 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I learn from experiments in biology 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I learn from the internet in biology lessons 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I learn from biology books  
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I think teachers are enthusiastic about 
biology 
alway
s 
often 
sometime
s 
seldo
m 
not at 
all 
Children are motivated to learn in biology alway
s 
often 
sometime
s 
seldo
m 
not at 
all 
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Learning about biology is easy alway
s 
often 
sometime
s 
seldo
m 
not at 
all 
 
Please indicate your answer by circling one of the choices. 
I enjoy learning physics 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I learn from the videos in physics 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I learn from the demonstrations in physics 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I learn from experiments in physics 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I learn from the internet in physics lessons 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I learn from physics books  
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I think teachers are enthusiastic about 
physics 
alway
s 
often 
sometime
s 
seldo
m 
not at 
all 
Children are motivated to learn in physics alway
s 
often 
sometime
s 
seldo
m 
not at 
all 
Learning about physics is easy alway
s 
often 
sometime
s 
seldo
m 
not at 
all 
 
 
 
We would like to interview people further on this subject. 
Please tick if you are willing to take part.                           
 
Thank you for completing this questionnaire 
JB and SL 
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Name  Sets taught  
 
Please indicate your answer by circling one of the choices. 
I enjoy teaching chemistry 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I use videos to teach chemistry 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I use demonstrations to teach chemistry 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I use experiments in teaching chemistry 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I use the internet in chemistry lessons 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I use books to teach chemistry 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I think children are enthusiastic about 
chemistry 
always often sometimes seldom not at all 
Children are motivated to learn in 
chemistry 
always often sometimes seldom not at all 
Teaching chemistry is easy always often sometimes seldom not at all 
Preparing for chemistry is easy always often sometimes seldom not at all 
Explaining chemistry is easy always often sometimes seldom not at all 
 
I enjoy teaching biology 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I use videos to teach biology 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I use demonstrations to teach biology 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I use experiments in teaching biology 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I use the internet in biology lessons 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I use books to teach biology 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I think children are enthusiastic about 
biology 
always often sometimes seldom not at all 
Children are motivated to learn in 
biology 
always often sometimes seldom not at all 
Teaching biology is easy always often sometimes seldom not at all 
Preparing for biology is easy always often sometimes seldom not at all 
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Explaining biology is easy always often sometimes seldom not at all 
 
I enjoy teaching physics 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I use videos to teach physics 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I use demonstrations to teach physics 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I use experiments in teaching physics 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I use the internet in physics lessons 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I use books to teach physics 
A lot 
Quite a 
lot 
A bit A little 
Not 
much 
I think children are enthusiastic about 
physics 
always often sometimes seldom not at all 
Children are motivated to learn in 
physics 
always often sometimes seldom not at all 
Teaching physics is easy always often sometimes seldom not at all 
Preparing for physics is easy always often sometimes seldom not at all 
Explaining physics is easy always often sometimes seldom not at all 
 
 
 
We would like to interview people further on this subject. 
Please tick if you are willing to take part.                           
 
Thank you for completing this questionnaire 
JB and SL 
 
 
  
 
380 
 
Appendix 20: How does extra-curriculum clubs affect pupils’ attitude? 
 
How does extra-curriculum clubs affect pupils’ 
attitude towards science in school? 
JL 
 
During this project, our research question was: How does extra-
curriculum clubs affect pupils’ attitude towards science in school? We 
wanted to explore the impact of extra-curriculum activities on pupil’s 
attitude towards science. We used two useful techniques to answer our 
question: questionnaires and interviews.  
 
In order to answer our question (above), we will need: 
 To have collected all the completed questionnaires, 
 Interviewed 4 people from year 8, 
 Accomplishment of an analysis from the summary of all of the data. 
 
My data would be useful to teachers, because it could help them to understand why 
some students dislike/like science. Also, of sports coach of clubs may find this 
information helpful, because it may help them to realise that so many of their club 
attendees don’t realise what or how science is involved in their activities. So, sports 
coaches could bring awareness to the club attendees about how much in depth science 
is involved. 
 
From the sessions with Mrs Gompertz we learnt that when we conduct an interview we 
must be always aware of our manners, e.g. we must not ask questions, which are too 
intrusive. Also our questions need to be unambiguous so that the interviewee 
understands the meaning of it precisely, therefore wasting less time. 
 
 We achieved this by firstly using questionnaires, which asked questions 
concerning sports and science. We asked approximately 9 questions to find out about 
pupil’s attitude towards science. These questions were short and straight to the point 
minimizing the length of time spent doing it. It involved marking on scales, YES/NO tick 
boxes, multiple choices, and a little bit of writing. The next step that we had tot do was to 
select 4 people to interview who had varying opinions, e.g. ones that attended lots of 
sports clubs and liked science and ones that attended lots of sports clubs, but didn’t like 
science. We could then compare their individual reasons. 
 
 We conducted our interviews (with their consent) in the library during tutor times 
when it was quiet. We took on an approach that was halfway between formal and 
relaxed. This encouraged our interviewees to express their views clearly whilst speaking 
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freely. Our interviews were semi- structured, which involved active listening, and probing 
further in to the topic by asking questions referring to the interviewee’s answers to the 
previous question. We began our interviews by explaining our project and then asked 
some easy general questions, developing further as we progressed.  
 
 We received 50 questionnaires with specified names out of the 51 sheets we 
gave out (one was anonymous with no name). They were randomly handed out to the 
entire pupils present in forms 8c and 8a in one tutorial period and the respondents were 
then left to complete it independently. The advantages of obtaining data from 
questionnaires are: that it’s quick, there’s a low risk of bias and a large sample can be 
gathered (quantitative research). However there are also limitations, which include lack 
of details and less observation. Because we had to consider our audience we made our 
questionnaire 2 sides of an A4 long written clearly in everyday language, so our 
respondents would be able to understand the contents without difficulty. 
 
 From the summary of data we found out that most people out of all that replied in 
the questionnaires attended at least one club and only 9 people out of the 50 did not 
attend any clubs at all. We discovered from our data that overall more boys attend clubs 
than girls. Here are some reasons given from the students who did not attend any clubs: 
“I cannot be bothered”, “no clubs that interest me”, “I don’t have time”, “don’t know if any 
are available”, “illness”. The one reason, which appeared the most often, was: “I cannot 
be bothered”. 
 
 The graphs below show the kinds of sport that people participate in at the 
moment, the kinds of clubs people would like to attend, and finally if their clubs involve 
any aspects of science.  
 
Overall: 
 Most people would like to participate in sport clubs if available (see graph 2),  
 Most people currently attend sports clubs (see graph 1),  
 And lastly most of their clubs only involve a little aspect of science in it (see graph 
3).  
 
Relating back to the initial question, I will conclude that extra- curriculum clubs does 
not affect pupils’ attitude towards science because the majority say that their clubs only 
involve a little aspect of science in it, so it’s unlikely that it will affect their attitudes 
towards science in or out of school. However, looking at individuals some believe that 
sport and science are not connected in any way and are irrelevant to each other. Also 
some say that attending a club will not influence their view on science because their club 
has not taught them anything related to science. In contrast a few say that science is 
included in their club because they learn about muscles, injury and First Aid. A few are 
unsure.  
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 In my opinion sport involves a lot of science especially biology which concerns 
with muscles and respiration. I guess that most people participate in sports clubs and 
would like to participate in sports clubs, because sports are becoming increasingly 
popular and as it was nearly summer when we conducted our surveys more people 
would attend sports because of good weather. The majority say that most of their clubs 
involve only a little aspect of science in it- that is probably true, like if they attended 
chess clubs or other non- sporting clubs. But as for sport, which the majority attended, 
they are most likely unaware of all the science involved in their activities. 
 
Lastly, from all the different approaches we took on during this topic I’d say that I’m a 
researcher who is somewhere in between quantitative and qualitative, because I’ve 
interviewed individuals and looked at some comments made by individuals as well. But 
also, I’ve used a large sample of data and made a generalisation. Next time I could 
improve by asking questions in the questionnaire that are more closely related to my 
initial question, Does attending extra- curriculum clubs affect your view of science? If so, 
why? 
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None
12%
Sport
31%
School
4%
Adventure
22%
Social
22%
Other
9%
Does it have an aspect of science in 
it?
0
5
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“all the
time”
“every
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“only a
little”
“no”
boys
girls
 
Graph 2  What clubs would you like to participate in - if available? 
Graph 3 
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Appendix 21: The effects of extra-curriculum clubs on science  
 
The effects of extra-curriculum clubs on science -  
On a small scale 
BC 
 
Introduction: 
 
In this project I decided to investigate the need of certain clubs outside of school. The 
reason is to help teachers to set up clubs that will then help science grades and a 
greater awareness of science. I will need to find what clubs students are attending, why 
and how does the club help. If a student does not attend a club I would like to know why 
and what they would like. I think that the results will show a greater interest in science in 
clubs run for certain school subjects and give the biggest most positive effect. But on the 
other hand many people will not be interested in this type. I will be interested to see the 
results. 
 
Design: 
To find the answer I had to compile a set of questions, I then used these to design a 
questionnaire. I decided that a questionnaire would be best, as I have been taught that 
this is the most effective and quick method, were you can set up the questions in a form 
easy to analyse.  
 
The questions would have to be in a very wide scale as this would be my first 
collection of data (with many people, with many views). So I had to think of questions like 
do you attend clubs and then have to go onto questions that would only be needed for 
one side then jump jumping to the other afterwards. The questions would have to have a 
large amount of possibilities but be able to record patterns when looked through for 
creating stats. A point to consider was ethics, we learnt about ethics in the first session 
of this project and how questions would not be personal or embarrassing, as this would 
limit data. 
 
After we had collected the data we would have to analyse and choose a small 
group to interview (to get a deeper answer and be able to have more precise data). The 
group would have to have people that had different views so the results would come 
from every side of the scale. (We would choose people with longer comments on the 
questionnaire or interesting answers). Using a tape we could record answers and be 
able to create a transcript to analyse. 
 
Using the stats from the first questionnaire and the in depth interviews I would 
then create a final answer and report on the data. 
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The Questionnaire: 
Q1
…  
Ma
rk 
on 
the scale how important science is in your life… 
 
Very Important             Unimportant 
 
 
 
 
Q2… Do you attend any clubs?  YES             NO  
 
Q3… If not why?  
 
I cannot be bothered I do not have time 
 
I don’t like socialising There are no clubs that interest me  
 
Other (please state) …………………………………………………………….. 
 
 
Q5… What clubs would you like to participate in if available?         Not Relevant 
 
Sport          
 
School Clubs e.g. scienceGeography, languages. 
 
Adventure          
 
General social clubs             
 
 Other  (please state)……………………………………………………………… 
 
Q6… What sort of club do you attend?                    Not Relevant 
 
Sport             
 
School Clubs e.g. science, Geography, languages. 
 
Adventure           
 
General social clubs              
 
Other (please state) ………………………………………………………………. 
 
 Co-Researcher Questionnaire Do extra-curriculum clubs help improve 
children’s attitude towards science? Name: 
Form: 
Set: 
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Q7… What is/are the name(s) of your club(s)? 
 
……………………………………………………………………………………. 
 
 
Q8… If you belong to a club do think it has an aspect of science in it?  
 
E.g. does science bring in extra routines like warm ups for sport or First aid  
in adventure clubs. 
 
No               
 
Only a little          
 
An aspect every session           
 
The club uses science all the time 
 
 
 
Q9… Do you find that your club influences your view of science? Does it make science more 
important? Mark on the scale. 
 
A lot             Not at all 
 
 
 
 
How and Why? Give a short phrase… 
 
…………………………………………………………………………………………………
………………………………………………………………………………… 
 
 
We would like to interview people further on this subject.  Please indicate if you would be 
willing to take part.  
 
YES I would be willing to take part. 
 
NO I don’t want to take part. 
 
 
Thank you for your patience and time. 
 
BC and JL 
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Collecting the Data: 
 
To collect the data we decided to choose to forms A and C of year 8. We would firstly 
introduce to the class the question and the background information about the project we 
asked if they would fill the sheets in and did with no trouble, we had a useful resource 
even though a few were absent in each class. If they had difficulty in understanding we 
would come round the class explaining. 
 
Findings: 
 
In our questionnaire we found that 33 people attend Sport clubs, 4 people attend social 
clubs, 13 people attend adventure clubs, 6 people attend other clubs, 1 person attended 
a school club and 7 people didn’t go to a club. 
See graph 1 for more detail… 
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The Question “Does your club influence your view in science?” from the 
questionnaire brought some key figures and points. In this question there was a scale of 
how much and a view, of course this wasn’t for people who do not attend clubs. Key 
figures included 23 people said it helped not at all, 15 people said not much, 4 said a bit 
(middle), and 3 said some. These figures show not a lot of interest in science is from 
clubs but the key points helped. 
The NOT AT ALL group said; the sport does not talk about science, the club 
hasn’t taught me anything new, its sport not science, no because stretching makes no 
difference to the world. (Most of the key opinions were from people that attended 
sporting clubs and give a general feeling of a lack in sport science knowledge) 
The NOT MUCH group said; The club teaches first aid (and so body parts), not 
rely because we only need first aid, only in warm ups. (These comments give a feeling 
that the group is mostly sport/adventure clubs and has a slight aspect in science) 
 The A BIT group said; because you learn about muscles in sport, without warm 
ups we would be easily injured, because the club makes you think more in depth about 
what you are doing. (Mostly sports again) 
 SOME group said; my future depends on it, warming up muscles. 
The majority of people at sport clubs found that the club gave NOT MUCH of a 
change in attitude. 
The majority of people in adventure clubs found that the club gave NOT MUCH of a 
change in attitude, but there were a couple more positive comments like because of 
muscles and first aid giving this comments place in the Some category. 
The majority in school, which includes music, gives A BIT comment yet this is only a very 
small category. 
The majority in social clubs gave a NOT AT ALL/NOT MUCH comment. 
See table1… 
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Table 1 Summary of Data - 22F & 28 M 
 
9/51 didn’t attend any clubs   (6f/3m)  
reasons given: 
4  “I can’t be bothered”   3f 
3 “no clubs that interest me”  2f 
3 “I don't have time”   1f 
1 “don't know if any are available” 1f 
1 “illness” 
 
42/51 attended at least one club  16f/25m (1 anon) 
What clubs would you like to participate in? 
10 N/A      
26 sport     9f 
3 school     1f 
18 adventure     8f 
18 social     10f 
other:  (2 Art, I drama, 1 dance, 1 fencing, -F) 1 music & 1 shooting - M 
 
What sort of clubs do you attend? 
7 N/A      5f 
33 sport     12f 
1 school      
13 adventure     6f 
4 social     2f 
other: 1 art, 2 piano, 1 youth club, 1 CCF, 1 drama 
 
Does it have an aspect of science in it? 
1 “all the time” 
8 “every session”   2f 
23 “only a little”    15f 
14 “no”     2f 
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Analysis: 
 
My findings give impression that school clubs give the best attitude but of course only a 
few people will join these. The next to positive changes in attitude are sport and 
adventure, a much larger amount of people join sport clubs than adventure yet due to 
more people liking sport there will be a bigger range of attitudes and so this does not 
give the most positive attitude. Social clubs give the worst change in attitude with many 
clubs not pushing science into talk. 
 
 
 
 
Conclusions: 
 
This now shows the need for a greater push in science attitudes and tells people who 
are thinking to provide clubs the need for scientific views and the sort of clubs (sport and 
adventure due to their above average views) in which to push further for maximum affect 
yet sport maybe popular but should have the term sport science referred more often as 
many teenagers don’t refer sport and science going together. This project has 
succeeded in producing facts that will help science in the future near Churston. 
 
Thank you for your time  
 
 
BC 
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Glossary and Abbreviations 
 
ASE   Association for Science Education 
BEEScale  The Attitude Scale Instrument (Appendix 5) 
CASE   Cognitive Acceleration through Science Education  
CoR   Co-Researcher  
F1: world  Factor 1: Science is good for the world 
F2: involve  Factor 2: I would like to be involved in science 
F3: dowell  Factor 3: Science process is useful in daily life 
OPENS  Open-Ended work in Science  
Pilot Study 1:  Perception Study 
Pilot Study 2:  Attitude Study  
Terms around Schooling:  
Key Stage (KS) Ages School years (Y) Also called  
0 3–4 0-1 
Nursery (Early Years 
Foundation Stage) 
 
Key Stage 1 
4/5 reception 
infants 
Primary School 
5/6 Year 1 
6/7 Year 2 
Key Stage 2 
7/8 Year 3 1st  form juniors 
8/9 Year 4 2nd form juniors 
9/10 Year 5 3rd form juniors 
10/11 Year 6 4th form juniors 
Key Stage 3 
11/12 Year 7 1st form secondary 
Secondary School 12/13 Year 8 2nd form secondary 
13/14 Year 9 3rd form secondary 
 
Significant Other (SO): ‘a person who either through direct interaction or by 
example provides information which influences the focal individual’s conception of 
his or her self or the focal individual’s conception of an object.' (Sjaastad 2013 p194).   
Task Value (TV): Task value is made up of three components: 
‘interest, or the enjoyment that a student derives from engaging in a task;  
importance, or the degree to which a student believes it is important to do well 
on a task;  
and utility, or the degree to which an individual thinks a task is useful in 
reaching some future goal.'  (Osborne 2003 p1074).   
Investment and Cost are also relevant contributing factors to consider. 
 
Grounded Theory (GT):  ‘discovery of theory from data’  (Glaser and Strauss 2009)  
Multi-grounded theory (MGT) ‘is an attempt to combine certain aspects from 
inductivism and deductivism’ (Lind and Goldkuhl 2006 p72)  
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